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COMPARATIVE TRIALS OF SCOUT CRUISERS. 

BIRMINGHAM— SALEM— CHESTER. 



Navy Depabtment, 
Bureau of Steam Engineebing, 

Washingtouj D. (7., December 22, 1909. 

Sib: The Board appointed by the Navy Department, under orders 
dated October 21, 1908, to carry out comparative tests of the main 
and auxiUary machinery of the scout crui^rs U. S. S. Birmingham, 
Salem, and Chester, havmg finished the work assigned to it, respect- 
fully submits, as directed, the following report, emoracing an analysis 
of the results obtained, together with a copy of the data recorded 
during the various tests made. 

OBJECT AND DESCRIPTION OF TESTS. 

The object of the tests was to ascertain and compare the steam 
economy of the three types of .propelling machinery fitted in the 
vessels named, the hulls being practically of the same model, at va- 
rious speeds while underway ana under as nearly as possible identical 
conditions. To accomplish this, special water-measuring apparatus 
was built and installed in each ship for the tests, and so arranged 
that the weight of steam used by tne propelling, machinery, as well 
as the auxiliaries, could be, after condensation, separately and accu- 
rately ascertained. In order to make the comparison complete^ six 
distinct series of tests were carried out, as follows: 

I. Tests of auxiliary machinery (vessel in port). 

II. Boiler evaporative tests (vessel in port). 

III. Standardization runs. Each vessel was standardized over 
the Rockland measured mile course just prior to undertaking the 
(IV) steam-consumption tests. As will appear later, this involved 
standardizing the Salem on two different occasions, as two series of 
steam-consumption tests were carried out. In these trials, moreover, 
and as well as all other (V and VI) sea runs, the aim was to load 
each vessel so that the displacement for each trial should be as nearly 
as could be calculated in the beginning, an average of 4,000 tons. 
All ships were dry-docked prior to standardization and coal-consump- 
tion trials, and the bottoms cleaned and painted. 

IV. Steam-consumption tests of main and auxiliary machinery 
(vessel under way). 

V. Coal-consumption tests of about 1,000, 750, and 2,000 knots at 
speeds, respectively, of 10* 15, and 20 knots per hour. 

VI. A full power run of twenty-four hours' duration. The Bir- 
mingham was unable to complete this trial on account of a defect 
which developed in the machinery. This vessel, after finishing twelve 
hours of the test, slowed down and returned to port. 
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4 •: ' COl^PAJlATIVE TBIALS OF SCOUT OBUISBBS. 

It yrill-be-conyeuient to describe the diflFerent sets of tests in the 
order •'iab6ve'meriti6n3<i, aitiiough they were not carried out in the 
sequence outlined. 

As above stated, the scheme of comparison adopted was to ascer- 
tain by measurement of the exhaust steam the economy of not only 
the propelling machinery under varying conditions of sea speed, but 
in addition, of the various auxiliaries. It may be pointed out here that 
coal-consumption trials, even with the same quality of coal, weather, 
and condition of bottoms, do not furnish the means of accurate com- 
parison, because of the personal element in firing, which can not be 
eliminated or satisfactorily allowed for. Moreover, the boiler plants 
on the Birmingham and Salem diflFer from that on the Chester j which 
introduces another inevitable complication in any attempt at com- 
parison, bv weight, of coal consumed. 

While the water-measuring apparatus was so arranged that on the 
steam-consumption tests underway, the steam used bv the main pro^ 
pelling machinery could be separately determined from the steam 
used by the auxiliaries in operation as a whole, it was considered 
desirable, nevertheless, to fix by actual test and under varying con- 
ditions the steam necessary for each individual auxiliary. These 
tests, which constitute Group I, were made on each vessel while at 
the Boston Navy- Yard, and the results recorded are more particu- 
larly described under '^ Tests of auxiliary machinery. '' 

Group II covers evaporative boiler tests on the Chester and Salem. 
with the vessels in port. It may be remarked that similar tests on 
the boiler plant of the Birmingham were considered unneccessary 
since this plant is identical in all important particulars with the 
Salem^s installation. These consisted of a series of four tests on each 
vessel, using the two after boilers, which latter connect to and are 
the only boilers delivering gases of combustion to the after smoke- 
stack. On the Salem these consisted of forced draft tests with closed 
fireroom under air pressures equivalent, respectively, to one-half, \\, 
2^, and 4 inches of water. A series of tests was made on the Salem 
at the various air pressures stated, but the board considered these 
unsatisfactory. A second series was run at a later date, therefore, 
under more favorable conditions and with satisfactory results. Only 
the results of the second series of tests, however, are tabulated in this 
report. The Chester's tests covered one at natural draft, with others 
at one-half, \\, and 2^ inches of water, respectively, the aim being to 
simulate conditions of steaming in service and to approximate to 
the same coaJ consumption per square foot of grate in the boilers of 
each vessel. 

Standardization runs (Group III) were conducted under the super- 
vision of the Board of Inspection and Survey, and results are plotted 
on plates 85 (Birmingham) y 86 and 87 {Salem), and 88 {Chester), 

Group IV comprises tests on all ships, measuring exhaust steam 
of condensation from the main and auxiliary macmnery, with ves- 
sels at sea, and at various speeds, from about 10 knots up to the 
maximum. In these tests tne exhaust s'team entering tne main 
condensers was, after condensation, measured in the main measuring 
tanks; furthermore, if found desirable, the amount entering each 
condenser could be separately determined, thus making it possible 
to compare the steam consumptions of the starboard and port main 
turbines or engines. Exhaust steam from all auxiliaries in operation, 
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including drains, discharge from traps, etc., was delivered to the 
auxiliary condenser and, after condensation, discharged to the auxil- 
iary measuring tank. The total boiler output, therefore, in steam 
during any test, amounted to the sum of the weights of water collected 
in the mam and auxiUary tanks. No attempt to measure or weigh the 
coal used on these trials was made. On the Birmingham, 10 steam- 
consumption tests, as above described, were run in all, and the data 
collated is given in Tables 33 to 42. Two series of tests were made on 
the Salem; the first set, which included 10 tests, furnished clue to 
damage of starboard main turbine blading, which eventually resulted 
in a complete overhaul at the contractors' works (Fore River 
Shipbuilding Company), and repair of the injured parts. The 
discovered defects are mentioned more at length later in this report. 
As, however, the repairs referred to were not undertaken until 
after completion of the (V) competitive coal-consumption trials, and 
the twentv-four hours' (VI) full-power run, the data obtained on 
these trials are given in full, in addition to the results on 14 
other steam-consumption tests forming the second series, which 
latter were made when the machinery of the Salem had been placed 
in good condition. Steam-consumption trials on the Chester, embrac- 
ing tests of the 4, 5, and 6 turbine combinations, at various speeds, 
and numbering 29 in all, were carried out. Of these, the results of 
the first 5 are at variance with results of later similar tests in the 
series. This may have been due to the fact that the 5 tests referred 
to were the first steam-consumption tests undertaken of the main 
and auxiUary machinery, as a wnole, and it is probable that inaccu- 
racies resulted from inexperience in oper&tiDg the machinery in con- 
nection with measuring apparatus, the difficulties of which were 
greatly accentuated in the beginning by unsatisfactory working of 
the main lift pumps, which later were put in proper condition. The 
steam-consumption results of these 5 tests are regarded as unreUable, 
but have been tabulated in Tables 66 to 70 for other data. 

Group V comprises data collated from sea runs of the three vessels 
in company, extending over periods of ninety-six, fifty, and ninety- 
eight hours, respectively, and at speeds of about 10, 15, and 20 knots. 
On these trials the same grade of coal, loaded at the naval coaling 
station, Bradford, R. I., was used on all ships, and the amount burned 
by each vessel was carefully determined. As it was desired that the 
mean displacement for each trial and for each ship should be as nearly 
as possible 4,000 tons, calculation was made prior to every coaling, 
of the amount necessary to be taken aboard, so that, making due 
allowance for the coal required to propel the ship to the open sea 
before each trial began, and, as well, that necessary for the trial itself, 
the displacement, when one-half of the trial was finished, would 
approximate to the figure stated. It is evident, then, that this 
involved starting each trial at a greater displacement than 4,000 tons, 
and ending with a displacement below that figure. All trials were 
begun off the harbor of Newport, R. I., and finished close to that port. 
Each ship maintained, at all times, very closely the revolutions 
indicated as necessary by the standardization curve for speeds of 
10, 15, and 20 knots, respectively, and at no time were the vessels 
widely separated, being always in sight of one another, and, of 
course, subject to the same weather conditions. Particular atten- 
tion was given to secure accurately the number of cubic feet of coal 
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consumed^ but, in addition, such other data were taken as would 
enable the steam consumption of all machinery in use to be approx- 
imately and separately ngured from results of steam-consumption 
tests previously made. Prior to these trials, water-measuring 
apparatus had been removed from all ships. 

The full power trials (VI), extending over a period of twenty-four 
hours, were undertaken with the view of demonstrating the mghest 
sustained sea speed, for the time mentioned, of these vessels. As in 
all other sea trials, the aim was to have each vessel at an average 
displacement for the trial of 4,000 tons, as nearly as could be figured. 
The coal for all ships was of the same grade and procured at the 
Bradford coaUng station. As previously stated, the Salem and 
Chester finished this trial, but the Birmingham was obliged to discon- 
tinue, after twelve hours, on account of looseness of I. P. crosshead 
(starboard engine), which caused violent vibrations and Uability to 
further damage in event of continuing the trial. 

A brief description of the hull and machinery of these vessels is 
given below. 

PRINCIPAL HULL DATA. 

The hulls (pi. 1) of all vessels, except in minor particulars, are 
alike. Steel is used throughout, and the outside plating generally 
is on the raised and sunken strake system. The frames, spaced 36 
inches apart, are generally of channel section, 6 by 2|f by 2-\l by 13.3 
pounds. 

The outside plating, below the load water line, consists of 15-pound 
plating, reduced to 12-pound at the ends, and of 12-pound plating 
elsewhere. Flat keel plates, about 36 inches in width, are m two 
thicknesses; the inner of 17^ and the outer of 20 pound plate. The 
vertical keel, about 39 inches in depth, is of 15-pound plate. Gar- 
board and sheer strakes are 17^ pounds, reduced to 15 pounds at the 
ends. Nickel-steel protection (80-pound plate) of variabte width, 
extends fore and aft in wake of engme, boiler, and dynamo rooms. 

The weight of hull, including nickel-steel protection, but without 
machinery, coal, stores, outfit, armament, and anmiunition, etc., is 
approximately 2,015 tons. Principal dimensions are: 

Length between perpendiculars, feet 420 

Lei^th over all, feet and inches 423 — 2 

Length on L.W. L., feet 420 

Breadth, molded, feet and inches 46 — 8 

Breadth, extreme, feet and inches 47 — Of 

Ratio of length to beam 8. 97 

Draft (official contract trial, 3,750 tons displacement), feet and inches 16 — 9 

4,000 tons displacement, feet and inches 17 — 4J 

4,710 tons displacement (about fully loaded), feet and inches 19 — ^2} 

Displacement per inch at mean draft (16 feet 9 inches), tons 31. 07 

Area of midship section (3,750 tons displacement), square feet 566 

Area of L. W. L. section (3,750 tons displacement), square feet 12, 960 

Wetted surface section (3,750 tons displacement), square feet 19, 900 

Coefficient (at 3,750 tons displacement): 

Block .40 

Midship .72 

L. W. L. plane .66 

Coal bunker capacity in tons (43 cubic feet per ton) : 

Birmingham 1, 395. 3 

8alem> 1, 388. 3 

Cheater 1, 407 
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MAOHINEBT INSTALLATIONS. 

Main propelling machinery, of 16,000 I. H. P., at maximum power, 
of the twin-screw, reciprocating type, for the three scout cruisers, 
was designed by the department. JProposals, however, for the con- 
struction of these vessels were invited under two classes, viz, first, 
for hull and machinery in accordance with department's plans and 
specifications; second, in general accordance with the department's 
plans and specifications, but on bidder's design of machinery, prefer- 
ence to be given, other things being e(][ual, to a turbine installation. 

After examination of the bids submitted, contracts were awarded 
on the department's design of hull, as follows: To the Fore River 
Ship and Engine Building Company, Quincy, Mass., two vessels — 
the Birmingham and Salem — at a contract price of $1,556,000 each; 
the first named to have the department s design for propelling 
machinery, and the latter to be equipped with Curtis marine tur- 
bines. Ciontract for the remaining vessel, the Chester^ was awarded 
to the Bath Iron Works, Bath, Me., at $1,688,000; the propelling 
installation to be of the Parsons marine type. 

Both contractors were required to guarantee, under penalty, and 
in addition to various other trials, a successful sea trial of four hours' 
duration at an average speed of not less than 24 knots on a displace- 
ment of not less than 3,750 tons. 

A summary of the important data of the propelling machinery of 
the three vessels follows : 

BIRMINGHAM. 

[Plate 2.] 

The engines, which turn the propellers outboard, are of the ver- 
tical inverted 4-cylinder, direct-acting, triple-expansion type, with 
unjacketed cyUnders, placed in two water-tight compartments, and 
operating twin screws. Each en^ne was designed for an indicated 
horsepower of 8,000 at 200 revolutions per minute, with a steam-chest 
pressure of 250 pounds per gage. Beginning forward, the order of 
the cylinders is, forward L. P., H. P., I. P., and after L. P. The 
forward L. P. and H. P. cranks are opposite, as are the I. P., and 
after L. P., the second pair being at right angles with the first. All 
main valves are of the piston type, worked by double-bar Stevenson 
links. There is one piston valve for the H. r. and two each for the 
I. P. and L. P. cyUnders. 

Engine framing is of forged steel, cylindrical columns, trussed hj 
forged-steel stays. All crank, thrust, Une, and propeller shafting is 
hoflow, and shafts, piston, and connecting rods, and working parts 
generally, are of forged steel: 

CYLINDERS. 

Number for each engine 4 

H. P. diameter, inches 28J 

I. P. diameter, inches 45 

F. L. P. diameter, inches 62 

A. L. P. diameter, inches 62 

Diameter of piston rods, inches 6 

Stroke of all pistons, inches 36 
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PROPELLERS (MANGANESE BRONZE). 

Number of blades 3 

Diameter, feet and inches 12 — 6 

Pitch, (as set) mean, feet and inches 15 — 3 

Pitch, adjustable, from feet and inches 14 — 6 to 16 — 6 

Ratio of diameter to pitch 1. 22 

Area, projected, square feet 40. 8 

Area, nehcoidal, square feet 49. 4 

Area, disk, square feet 122. 7 

CONDENSERS. 

There is one main condenser in each engine room cylindrical in 
form, the important tube data being as follows : 

Number of tubes 4, 085 

Diameter (outside) inches f 

Thickness, B. W. G #16 

Length between tube sheets, feet 12 

Spacing (between centers) inches H 

Cooling surface, square feet 8, 000 

In the forward engine room, there is an auxiUary condenser of 
600 square feet cooling surface. There is also an auxiliary condenser 
for the dynamo plant, located in the dynamo room, having a cooling 
surface of 200 square feet. 

FEED-WATER HEATERS. 

There is a feed-water heater in each engine room, located on the 
discharge side of the main feed pumps, with 600 square feet of 
heating surface, composed of 679 ^-incn tubes. 

BOILERS. 

Plates 8 and 10 show the boiler arrangement on the Birmingham 
and Salem, which are similar, and give the most important data of 
the boiler installations on these vessels. It should be particularly 
noted that the products of combustion leave at the back of the fur- 
naces, and on their way to the uptakes, make a double passage 
across the tubes. In the Ohester^s boilers, shown on plates 9 and 10, 
only a single pass is made by the gases of combustion, which enter 
the tubes near the front of the boiler furnaces. 

PORCED-DRAPT BLOWERS. 

The closed fireroom system is used, there being 6 independent 
Sturtevant fans installed, 2 to each boiler compartment, 66 inches 
in diameter, 24-inch width at tips of blades, of the double inlet type, 
with 42-inch intakes. Each fan is directly driven bv a double-acting, 
2-cylinder, simple, horizontal engine (6 by 6) with cranks at 180°, 
the steam admission and emission for both cylinders being controlled 
by 1 piston valve. 

AUXILL^RIES. 

Table A gives principal dimensions of the auxiliaries on all 3 
vessels. 
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SALiEM. 

[Plates.] 

The Salem is driven by outboard turning twin screws, the propel- 
ling machinery consisting of 2 Curtis marine reversible inipuise tin:- 
bines, 1 on each shaft, designed to develop 8,000 B. H. P., at 350 
revolutions per minute with 250 pounds (gage) steam-chest pressure. 
The machinery is arranged in 2 water-ti^t compartments, sepa- 
rated by an athwartship bulkhead, the starboard screw being oper- 
ated by the forward turbine. 

Each turbine has a pitch diameter of rotatmg wheels of about 120 
inches (center to center of buckets), and for the ahead motion, con- 
sists of 7 stages; each wheel is fitted with 3 rows of buckets, except 
in the first stage, which contains 4 rows. For backing, there are 2 
stages, the wheels or rotors being mounted on the shaft in the same 
casmg as the go-ahead stages. 

Each turbine consists of a cast-iron cylindrical shell (for strength, 
cast-steel is used in construction of the casiujg of the two first stages) 
divided by dished cast-iron or cast-steel diaphragms into separate 
compartments or stages. The moving buckets are mounted on the 
periphery of separate wheels in each sta^e, and all wheels are se- 
cured to and carried by a hollow steel shaft extending the length 
of the turbines. Where this shaft passes through the diaphragms, 
bronze bushings are provided, with small clearances, in order to 
prevent appreciable steam leakage from stage to sta^e, and where 
the shaft extends through the heads carbon-packed gland boxes are 
fitted to prevent steam leaking out at the ahead end, or air leaking 
in at the back end. These boxes are supplied with live steam be- 
tween carbon packing which makes an effective seal against air leak- 
ing in at the back end, and which, unless checked, would cause the 
vacuum to be lowered. Gland-box packing, on the ahead end, is 
required to withstand the pressure existing in the first stage only, 
in order to prevent steam leakage into the engine rooms; and, as tms 
pressure is never excessive, under any condition of operation, no 
serious practical difficulty arises in guarding against such leakage. 
A drain, or "leak off," from these gland boxes leads to the fourth 
stage. The ahead steam chest contains 20 expanding nozzle open- 
ings to the first stage wheel, 17 of which are controfled by valves, 
the 3 remaining openings being without valves and consequently 
always open. When in operation, sufficient nozzle valves are opened 
to give tne desired speed, the throttle valve being left wide open in 
order to secure full pressure in the steam chest. Variation in speed 
within limits may be made by throttle- valve regulation, but usually 
this is accomplished bv opening or closing of nozzle valves. 

Steam chests are or separate steel castings attached to each tur- 
bine-casing head. The astern chest contams the same number of 
nozzles as the ahead chest, but only 8 are provided with valves. In 
maneuvering, nozzle valves are left open and speed controlled by 
throttle valves. 

First stage nozzles are of the expanding type, for the steam in its 
passage to the first revolving wheel undergoes too great a drop in 
pressure to permit the use or the parallel-now type, which latter is 
used for all other stages, the drop in pressure being much less. Dia- 
phragm plates have openings cast in them to allow passage of steam 
through to the nozzles. 
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Drain pipes axe fitted between each stage and the succeeding one, 
in order that condensed steam in any stage may pass to the next one 
of lower pressure. The exhaust chamber drains to the condenser, 
and the discharge is assisted by a small steam ejector. Generally, 
however, this ejector is used only in getting underway, being closed 
off when the turbines have assumed normal working conditions. 

A longitudinal section of the Salem's turbine, with important di- 
mensions, IB shown on plate 4. An outUne of the machinery arrange- 
ment with main steam piping is shown on plate 3. 

FBOPELLERfi. 

Prior to official government acceptance trials of the Salem the 
contractors fitted and tried four dinerent sets of propellers. The 
design which gave the best results (cast solid) and whicn was finally 
used has the following principal dimensions : 

Number of blades 3 

Diameter, feet and inches 9 - 6 

Pitch, feet and inches 8 - 8^ 

Ratio, diameter to pitch 1. 09 

Area, projected, square feet 36. 8 

Area, nehcoidal, square feet : . . 43. 7 

Area, disk, square feet 70. 9 

CONDENSERS. 

Two exhaust pipes connect each main turbine to a cylindrical, hori- 
zontal surface condenser, located in each engine room. In connection 
with each condenser, there is installed one Blake, vertical, dry-air 
pump, having 1 steam cylinder and 1 air cylinder, each double acting, 
operating on the same crank with fly wheel between the two cranks. 
There is also a centrifugal wet vacuum pump for each condenser, of 
the 2-stage type, directly connected and driven by a small 2-stage 
(27 inch) Curtis turbine. 

Number of tubes (each condenser) 4, 448 

Diameter of tubes (outside) inches f 

Thickness, B. W. G #16 

Length, feet and inches 13-2 

Coohng surface, square feet (each condenser) 9, 460 

Diameter exhaust, inlets (2), inches 42 

There is an auxiliary condenser in the forward engine room and a 
condenser for the dynamo plant, both of which are similar in size to 
those heretofore described for the Birmingham. 

BOILERS, FEED-WATER HEATERS, AND BLOWERS. 

The 'size and location of boilers, feed-water heaters, and blowers 
are the same as on the Birmingham. 

AUXILIARIES. 

A list of auxiliaries will be found in Table (A). 

CHESTER. 

[P]ftte 6.] 

The propelling machinery of the Cheater , designed for a working 
steam pressure at the turbmes of 250 pounds (gage) and about 507 
revolutions per minute for the contract speed of 24 knotS; consists of 
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Parsons marine steam turbines, driving 4 independent shafts, each 
shaft bein^ fitted with 1 propeller. The installation comprises 6 
ahead turbmes in all, 2 of which — the H. P. and I. P. cruising — are for 
use at low powers in order to secure economy. There are also 2 back- 
ing turbines, located in each of the L. P. casings, and it is to be ob- 
served that this arrangement permits reversal only of the 2 inboard 
shafts in maneuvering. 

Referring to plate 6, it will be seen that the outboard shafts (Nos. 
1 and 4) are operated entirely by main H. P. turbines; the star- 
board inboard (No. 2) by the L. P. (starboard) turbine and H. P. 
cruifiaaig turbine, and the port inboard (No. 3) by the L. P. (port) 
turbine and the I. P. cruismg. 

The turbines may be used in any of three ways in propelling the 
vessel: First, for speeds up to about 18 knots, au 6 turbines are put 
in operation, since this combination results in a smaller quantity of 
steam being required than with either of the other two combinations. 
Steam is then admitted initially into the H. P. cruising turbine, ex- 
hausts into the I. P. cruising turbine, and from the latter splits and is 
conveyed through separate pipes to each of the main H. r. turbines. 
From these latter, steam is exhausted into the L. P. turbines, and 
finally into the condensers. Second, for speeds beyond the capacity 
of the 6-turbine combination, and up to about 23 knots, the 5-turbine 
combination is used. Steam is admitted initially to the I. P. cruising 
turbine, passing thence to the two main H. P. turbines, and from each 
of them to the connected L. P. turbine. The H. P. cruising turbine 
revolves idly in a vacuum. Third, for highest speed, only the 4 main 
turbines are used, steam being admitted mitially to each main H. P. 
turbine, exhausted into the L. P's and then into the condensers. 
Both cruising turbines revolve idly in a vacuum, or may be discon- 
nected by means of shaft couplmgs. It is to be understood, of 
course, that the 4-turbine combination may be used for any speed up 
to the full power, just as the 5-turbine combination may be employed 
for any speed up to its limit. 

In any of the three arrangements, increase or reduction of power 
is eflFected by throttling, though in the 6-turbine combination, a by- 
pass is fitted between the first and second expansion which may be 
used, within limits, for this purpose. All maneuvering is done with 
the 4 main turbines only, and m event of either the 6 or 5 turbine 
combinations being in use when a si^al is received to 'go astern, a 
quick shift is necessary to cut out cruising turbines. This simply in- 
volves closing and opening proper valves, and need not require a 
greater interval of time than is usual in reversing machinery of the 
reciprocating type. 

For the removal of water, all turbines have a connection to a sys- 
tem of drain piping leading to the main condensers. The outlet from 
each turbine is controlled by a valve which is always opened when 
warming up, and also on the cruising turbines when underway in case 
these are not in use for propulsion. 

Shaft gland boxes (12 in all) are bolted to forward and after casing 
heads of each turbine. In order to prevent leakage, a steam pressure 
of about 1 pound above the atmosphere is usually maintained in 
gland boxes when cruising, through a system of piping installed for 
the purpose. Plate 7 shows construction of gland boxes as installed 
on H. P. and L. P. turbines. 
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As shown on plate 6, the machmery is mstalled in two compart- 
ments, separated by an athwartship water-tight bulkhead, the two 
cruising turbines, in addition to the starboard main H. P. and L. P. 
being located in the forward engine room. For the ahead motion the 
inboard shafts turn outboard, and the outboard shafts turn inboard. 

The turbine cylinders are parted horizontally and the halves bolted 
together. The lower half is cast with extensions, box shaped forward 
and aft, for retaining the journal and thrust bearings. 

Important data of turbine dimensions, stages, blading, etc., is 
shown below: 



H. p. cruising 

I. P. cruising 

Main H. P. (port and 
ctarboard) 

L. P. (port and starboard) 

Astern (port and star- 
board) 



Diam- 
eter of 
rotor 
dmm. 


Lenftb 

rotor 
dmm. 




First. 


Inchet. 


Incliei. 


Inchet. 


00 


36 


60S 


49 


60.5 


5U 


42 


103.5 


433 


65 


m 


70 


fiO 


43 


51 



Diameter of cylinder for each stage. 



Second. 



Indies. 
61 
51i 

44.5 
72 

52 



Third. 



Fourth. 



Fifth. 



Inches. 
61i 
52.5 

45.5 
75 

V 

54 



Inches. 



Inches. 



47 
79 

54 



49 
79 

54 



Sixth. 



Inches. 



52 

79 



Seventh. 



Inches. 



70 



Stages. 



H. p. CBUISIMG. 

First 

Second 

Third 

I. p. CBxnaiNO. 

First 

Second 

Third 

MAIN mOH PBBSSUBE. 

First 

Second 

Third 

Fourth 

Fifth 

Sixth 

MAIN LOW PBESSU&E. 

First 

Second 

Third 

Fourth 

Do 

Do 

Do 

ASTERN TUBBINES. 
First 

Second.; 

Third 

Do .' 

Do 



Expansions. 



First. . . . 
Second.. 
TWrd... 

First. . . . 
Second. . 
Third... 

First.... 
Second.. 
Third... 
Fourth. 
Fifth... 
Sixth... 

First..,. 
Second.. 
Third... 
Fourth. 
Fifth... 
Sixth... 
Seventh 

First. . . . 
Second.. 
Third... 
Fourth. 
Fifth... 



Rows. 



12 
12 
12 

15 
15 
15 

12 
12 
12 
12 
12 
10 

5 
5 

4 
3 
3 
4 
4 

6 
6 
6 
6 
6 



Heights. 



Inches. 

1 

i 
I 

U 

i 

11 

2i 
3i 
5 

2J 

3i 
5 

7 
7 
7 
7 



1 
2 
2 
2 



Pitch. 



Inches. 

i 
I 

1 

li 
li 
lA 

li 

li 

lA 

If 

lA 

l« 

lA 

If 

l« 

li 

1« 

2A 

2a 

li 
If 
If 
li 
ij 



Clear- 
ances. 



Inches. 
0.03 
.035 
.04 

.04 
.04 
.045 

.03 

.035 

.04 

.046 

.06 

.06 

.056 

.06 

.07 

.06 

.06 

.06 

.06 

.045 

.05 

.06 

.06 

.06 
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PR0PELLEB8. (MANGANESE BRONZE, CAST SOLID.) 

Number of propelleiB 4 

Number of blades (each propeller) 3 

Diameter, feet 6 

Pitch, feet 6 

Ratio of diameter to pitch 1 

Area, projected, square feet 17. 02 

Area, nehcoidal, square feet 19 

Area, disk, square feet 28. 27 

CONDENSERS. 

The main condensers, one in each engine room, are located abreast 
the L. P. turbines. They are cylindrical, of the surface-condenser 
type, and each is supplemented by a vacuum augmenter installed 
beneath the condenser. The augmenter consists of a steam siphon, 
drawing air from the main condenser and discharging it to the air- 
pump suction. The siphon discharge passes through a small surface 
condenser (which latter is supplied with circulating water by con- 
nection to the salt-water side of the main condenser) in order to 
condense steam of the siphon jet. The main air pump has a direct 
suction from the condenser through a pipe having a water seal, 
holding a head of water equal to the difference in pressure produced 
by the augmenter jet. It is figured that an increase in vacuum of 
approximately 1 inch of mercury results from the use of the aug- 
menter. 

The principal tube data of each main condenser are: 

Number of tubes 5, 630 

Diameter (outside), inches f 

Thickness, B. W. G #18 

Length of tubes, feet and inches lO-OJ 

Spacing (between centers) , inches {{Jj^g^half ."."!.'!!!!!!!!!!.'.'!.'!.'.'!!!.' 1 x i* 

Cooling surface, square feet 8, 999 

Exhaust inlets (rectangular), feet and inches 3-9x4-6 

There is one auxiliary and one dynamo condenser, located in the 
forward engine room and dynamo room, respectively, both similar 
and of the same dimensions as those previously described for the 
Birmingham and SaUm, 

FEED- WATER HEATERS. 

A cylindrical feed-water heater, composed of 630 f-inch tubes and 
containing about 600 square feet of heating surface, is located near 
the forward bulkhead of each engine room on the discharge side of 
the main feed pumps. The heatmg agency is steam from the aux- 
iliary exhaust line, which enters the shell at the top, circulates 
around the tubes over a system of baffles, and drains through a trap 
to the main drain line. The tubes, through which the feed water 
passes on its way to the boilers, contain twisted brass strips, held in 
place by perforated plates over the tube sheets to retard the flow 
and thus insure efficient heating. A small air coil is fitted in the 
lower water chest to prevent the heater from becoming air bound. 
This coil is connected to the inside of the heater shell, near the bot- 
tom, and drains to the main condenser. 

26962—10 2 
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BOILERS. 



The principal dimensions and arrangement of boilers are shown 
•on plates 9 and 10. As previously pomted out, the gases of com- 
bustion make but a single pass across the tubes in their exit to the 
•iuptakes. It is to be noted, furthermore, that, although the grate 
:«urface is the same in the boiler installations of all three vessels, the 
'tester's boilers contain but 32,040 square feet of heating surface, 
as against 37,992 square feet in the boiler plants of the Birmingham 
-and Salem. t 

FORCED-DRAFT BLOWERS. 

The system of forced draft used on the Chester is similar to that 
-on the other scout vessels. It is of the closed fire-room type, there 
being 2 blowers (6 in all) 84 inches in diameter for each boiler com- 
partment. Each blower is driven by a vertical two-cyUnder (5 by 5) 
simple double-acting steam engine, with one piston valve to each 
^cylinder. The blowers are arranged in pairs near the fore and aft 
•center line of ship, with a connecting shaft between each two fans, 
so that both fans run at the same speed, and in event of accident to 
one engine the remaining engine may be utiHzed to operate both 
fans. 

AUXILIARIES. 

A list of auxiUaries is given in Table A. 

MACHINEIIY WEIGHT 1^. 

Weight of propeUing machinery, shafting, bearings, and propellers 
iis as follows: 

Tons. 

Birrninaham (2 shaft reciprocating engine arrangement) 234. 49 

'JSalem (2 shaft Curtis turbine arrangement) 254. 80 

^Chester (4 shaft Parsons turbine arrangement) 207. 38 

Weight per horsepower (the maximum power of main engines or 
turbines for two consecutive hours during either steam or coal con- 
sumption trials) is: 

Pounds. 

Birmingham (UIU\ perl. H. P 32.55 

iSaZem (18070), per S.H.P 31.58 

^OAe»ter (20004), per S. H. P 23.22 

The weight of appendages (auxiUaries) to the above ^ propelling 
imachinery, including main condensers, air pumps, circulating pumps, 
^md dry vacuum pumps or vacuum augmenters is as follows: 

Tons. 

Birmingham 45. 13 

Salem (fitted with dry- vacuum pumps) 67. 63 

Chester (fitted with vacuum augmenters) 58. 19 

The boilers, fittings, smoke pipes and uptakes weigh as follows: 



Birmingham (12 Fore River boilers, 4 smoke pipes) , 

^alem (12 Fore River boilers, 4 smoke pipes) 

■Chester (12 Nomand boilers, 4 smoke pipes) 



Dry. 



Wet. 



STofM. 


TcM. 


262.51 


204.14 


262.61 


204.24 


272.70 


307.01 
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Weight of boUers with fittings and water in pounds per square foot 
of heating surface is: 

Founds. 

Birmingham 13. 10 

Salem 13. 09 

Chester 17.64 

The total weight of machinery instaUation, including i,ropelline 
machinery and aj)pendages, auxihary machinery, pipin^^ boilers, and 
fittings, sijfioke pipes and uptakes, lagging and clothing, flooring, 
ladders and gratmgs, fittings and gear, stores, tools, and spare parts 
carried on board, and pipes, etc., connecting to machinery not under 
the cognizance pf the Bureau of Steam Engmeering, is as follows: 



Total. 



Birmingham 

Salem 

Chester 



Dry. 


Water. 


Tons. 


Tont, 


760.82 


63.15 


863.85 


66.11 


735.87 


64.82 



Tont. 
843.07 
906.96 
800.09 



The weight per horsepower (mam propeUing machinery only) of aU 
machinery (wet) is: ^ 

Pounds. 

Birmingham (1QIZ4), per I. H. P 117.18 

-Sfaiem (18070), per S.H.P 112.68 

Chester (2Q00i), per S. H. P 89.67 

MEASTJBINa APFABATITS. 

A type plan of water-measuring apparatus installed, together with 
necessary lift pumps and piping, is shown in outline on plate 11. For 
the propeUing machinery the apparatus is composed essentially of 
two cylmdrical tanks, one for each enrine room, divided by a central 
diaphra^. These tanks were located on the spar deck and emptied 
by gravity into two distributing tanks situated immediately below 
on tlie en^ne-room grating, ^ater from each main condenser was 
pumped into its own feed tank in the usual way and from there 
elevated to the measuring tanks by means of lift pumps. It is to be 
noted that the central diaphragm of the measunng tanks served to 
divide each into two separate, similar compartments, thus, in reality, 
providing two measuring tanks of about 6,100 pounds capacity for 
each engine room. These tanks were of conical construction at the 
top and bottom, and each compartment terminated at the top in a 
cylindrical nozzle 11^ inches in diameter. 

After measurement the water was dropped to the distributing 
tanks, which were connected by an equaUzmg pipe, and had a com- 
bined capacity of about 24,700 pounds. Suction pipes led from dis- 
tributing tanks to feed pumps, thus providing means of returning 
water of condensation to the boilers. Some or the first tests on the 
Chester were made without any connection between distributing 
tanks, and this was found unsatisfactory^ the tanks not being large 
enough to take, at all times, the full capacity of a liberated measuring 
tank. In addition to this, the Uft pumps in the beginning gave con- 
siderable trouble, necessitating the use of one main lift pump only. 
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and thus requiring the two main feed tanks to be connected by open- 
ing the equalizing valve. Subsequently the two distributing tanks 
were connected to overcome this difficulty. The water of condensa- 
tion from the auxiliaries was, after measurement, delivered into the 
forward distributing tank, and any make-up water required during 
the tests was pumped from the double bottoms directly into this tank. 
It should be noted that the auxiliary measuring appliances, embracing 
tanks, piping, and Kft pumps, constitute a system entirely distinct 
and separate froiri the main measuring apparatus. 

The discharge from each lift pump terminated in a swinging goose 
neck which permitted readily snifting from one compartment to the 
other of each tank. The shell of the main measuring tanks was car- 
ried above the head, thus forming an open-topped receptacle in which 
any overflow from the measuring tanks was caught and returned to 
the feed tanks by means of drain pipes. 

Steam used by the various auxiharies, heaters, steam traps, drains, 
etc., was condensed by the auxiliary condenser and the water of con- 
densation delivered into an auxiliary tank installed as part of the test 
outfit. This tank, of rectangular section, wa& divided into two com- 
partments, with an approximate capacity of 1,130 pounds of water 
each, and by means of an auxiliarv liit pump could be readily emptied 
into the forward distributing tank as desired. 

The dynamo plant, composed of three 32-kilowatt units, was pro- 
vided with its own condenser and pumps, and the air pump delivery 
was so arranged that the water or condensation could be delivered 
either directly into tlie auxiliary measuring tank or to the E. R. 
auxiliary condenser. As the auxiliarjr exhaust line of piping was 
also connected to the dynamo plant, it was possible to utilize the 
dynamo condenser to assist in condensing the steam from the auxil- 
iaries in operation in case the auxiliary condenser became too small in 
condensing surface to properly handle the auxiliary exhaust steam at 
high powers. 

CALIBBATION OF MEASUBINa TANKS. 

All measuring tanks, prior to installation on shipboard, were care- 
fuUv calibrated on platform scales at the Boston Navy- Yard. Each 
tank was filled with water at 100° temperature and the weight of 
contained water ascertained for each inch rise in height. Glass water 
gauges, o^raduated brass scales, and thermometers were attached to 
each tank for use during steam consumption trials. 

Three photographs, marked, respectively, ''plate 13,'' ''plate 14," 
and "plate 15,'' show these tanks auring process of calibration. 

I. TESTS OF ATTXILIABY MACHINERY. 

After installation of auxiliary measuring tanks, and while the ves- 
sels were at the Boston Navy- Yard, a series of tests was made to 
establish the steam consumption of the various individual auxiliaries 
on each ship. The method adopted was to isolate and condense the 
exhaust steam from the auxiUary under test, using the forward engine 
room auxiliarv condenser, and to ascertain the weight of the resulting 
water of condensation. To facilitate securing the data sought, tem- 
porary atmospheric exhausts were rigged to such auxiliaries as were 
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likely to be run either constantly or intermittently during the tests, 
and which ordinarily exhaustea into the auxiliary exhaust line. 
These included an auxiliary boiler feed pump, steam cylinder oper- 
ating air and circulating pumps of auxiliary condenser, ice machines, 
etc. Dynamo installations, as previously pointed out^ were provided 
with inaependent condensing plants, so that* no special provision to 
handle exnaust steam from these was necessary. 

In the three ships the auxiUary exhaust line, in a fore-and-aft 
direction,, runs almost parallel to the center Une, with suitable branch 
connections to each of the various auxiUaries. This line of piping 
was used to convey exhaust steam from the auxiUary being tested 
to the engine room auxiliary condenser, from which, in the form of 
water, it was dehvered by the air pump to the auxiliary measuring 
tanks. Plate 12, figure 3, shows the construction of these auxiliary 
tanks, and it will be seen then, for each ship, but. one tank, of rec- 
tangular section, provided with a central water-tight diaphragm, was 
required. The division of each into two separate compartments con- 
stituted, in reaUty, two measuring tanks of about equal capacity, 
into either of which the water of condensation could be directed, as 
desired, hj a swinging gooseneck. 

No special provision, other than fitting certain appUances (gages, 
counters, and indicator gears) , was made to prepare any auxiliary for 
test, a superficial examination being alone considered necessary when 
the auxihary appeared to be in satisfactory working order. It was 
the aim to operate each auxiliary under conditions met with in serv- 
ice, but examination or special fitting of steam cylinder packing to 
influence steam economy was not attempted. Counters were gener- 
ally fitted in all cases where not permanently installed, to determine 
accurately the revolutions, or douole strokes, during the test; in addi- 
tion, steam gages were installed on steam chests, and in some tests, 
such, for example, as those of feed, flushing, and ash-ejector pumps, 
gages were also fitted to indicate discharge pressures. Moreover, to 
assimilate actual service conditions, a back pressure of about 6 pounds 
above the atmosphere was maintained in the auxiliary exhaust line, 
during all tests, oy manipulating a regulating valve governing inlet 
to auxiUary condenser, the pressure noted being that usually carried 
when exhaust steam from the auxiliaries is utihzed in the feed-water 
heaters, as is the custom in cruising. 

It was usual, before the commencement of an auxiUary test, to 
subject the system as a whole to a preliminary test for tightness. 
This merely involved inspection of the air-pump discharge, after 
starting auxiliary condenser, the absence of water issuing therefrom 
being accepted as indicating not only that the auxiliary exhaust line 
was clear, but as well that the condenser was free from salt water 
leaks. The auxiUary to be tested was next started, but before 
beginning to record data, sufficient time — usually one-half hour or 
more — was allowed to elapse to insure normal working conditions. 
During this period the water of condensation was permitted to 
run directly through one of the two compartments of the measuring 
tank to the feed tank below. At the instant of beginning the test 
the swinging goose neck, attached to the air-pump discharge, was 
shifted and directed into the other empty compartment of the meas- 
uring tank, the gate valve at the bottom of this having been pre- 
viously closed. 
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The water of condensation was thus collected, and by aid of a 
graduated scale and water-gage glass, attached to each compart- 
ment, the height in inches, as the tests progressed, as well as full 
tanks, could be noted and recorded. Opportunity offered, as each 
compartment was being filled, to prepare the remaining one for use, 
so that tests could be carried on for any length of time, and without 
interruption, by alternately shifting goose-neck connection of air- 

{lump discharge from one to the other as the compartments filled, 
n some tests, as will be observed from the tables, it was not con- 
sidered necessary to collect an entire tank of condensed water, 
while others were continued to include several tanks. Boiler and 
steam-chest pressures and pressure in auxiliary exhaust line, with 
the data.nefsary. to compete power, are re^rded in appropriate 
colunms m the various tables (2 to 32) of auxiliary tests. 

It will be apparent from a survey of the tabulated data that 
essentially the same mode of procedure was aciopted in all auxiliary 
tests. At the start of each tne water of condensation was directed 
into one compartment of the measuring tank, and as the test ad- 
vanced, the elapsed time to fill the various heights (usually by 
progressive intervals of 5 or 10 inches) up to "tarik full," together 
with the temperature of water at each reading, was recorded. From 
tank caUbration tables, making due allowance for temperature — 
which correction generally was immaterial — the weight of collected 
water up to any height was readily acsertained. Regularity in 
time interval to nil equal increments in height (each tank compart- 
ment being closely of the same rectangular section up to about 45 
inches) usually indicated regularity in steam consumption of the 
auxiliary under test. This, however, was not necessarily the case, as 
it was noticed, particularly when the measuring tank filled slowly and 
therefore the quantity of steam being condensed was comparatively 
small, that gulps of water were frequently delivered at irregular 
intervals. Tne cause of this may be traced to pockets in the exhaust 
Une of piping or possibly to failure of the air pump to deliver small 
quantities of water with unvaried regularity. 

Tables 2 to 32 present the important data recorded in all auxiKary 
tests, and from these, performance curves, more particularly described 
below, have been laid down. In constructing these curves it has 
been assumed that dry saturated steam was furnished at all times, 
which assumption, insofar as concerns the quality of steam generated, 
seems to be sustained by results of evaporative boiler tests, which 
are recorded later in this report. It may be pointed out further, 
in this connection, that care was taken to always have ample boiler 
power in use in order to guard against forced evaporation, and that 
the auxihary steam line, from which all auxiliaries received theii; 
supplv, was, in addition to being well lagged, provided with traps,, 
etc., for proper drainage. 

To assist in analyzing results of auxiliary tests, graphical illustra- 
tions on cross-section paper have been plotted as follows: 
^ First. A number of curves (plates 16 to 32) using steam consump- 
tion per hour as abscissae, with ordinates representing revolutions 
(or double strokes) per minute, multiplied by the weight of a cubic 
foot of steam at the average steam-chest pressure. 

Second. Plates 33 to 42 with abscissae representing steam consump- 
tion per hour and ordinates I. H. P. developed during the tests. 
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Third. Plates 43 to 51 with abscissae representing water per hour 
per I. H. P. in pounds, and ordinates I. H. P. 

The jSrst set is believed to be more useful than the other two, and 
has proved of substantial and unquestionable value in differentiating 
the steam used by individual auxiUaries on main steam-consumption 
trials, where the condensed exhaust steam from all auxiliaries, as a 
whole, was measured; also, in the coal-consumption trials, to calcu-- 
late approximately the steam used by the various auxiliaries in 
operation. It is to be observed that plotted points of the first group 
seem to Ke generally in a straight line, and the conclusion has been 
reached that this invariably follows for those auxiliaries with con- 
stant cut-off and which remain in a constant working condition. 
The data for such points as do not fall fairly upon the line, it is 
believed, are in slight error, due, no doubt, to the difficulty of accu- 
rately reading gages attached to steam chests, which, on many tests, 
fluctuated widSy. In such cases it was customary to record as the 
true reading the mean of the arc of vibration, determined by car^ 
fuUy reducing or throttling the inflow of steam to the gages through 
plug cocks at the bottom. 

Auxiliary machinery, which is entirely independent of the main 
motive power and which is but slightly, if at an, dependent in steam 
consumption upon speed of propulsion, may be grouped under two 
headings, as follows: First, those in which actual measurable mechan- 
ical work is done, such, for example, as dynamos, ice machines^ 
various pumps, etc. For many of these, horsepower water-consump- 
tion curves have been plotted, whUe for others, Kke steering engines, 
because of intermittent use, any such curve would necessarily be of 
questionable value. ^Under the second heading may be classed those 
appliances which, although requiring steam for their operation, do ' 
not, strictly speaking, convert the energy of steam into mechanical 
work, and wmch, moreover, as regards steam consumption, are d^ 
pendent, to a large extent, upon local conditions. Evidently any 
attempted estimate of power for such appliances, based upon steam 
used, would be valueless. 

In comparing trial performances of the three vessels, as will appear 
later, it has been necessary to convert indicated into shaft horse- 

{)ower for the main propelling engines of the BirmingJiamj but a simi- 
ar conversion, as applied to the auxiliaries, has not been attempted 
in any case. While for the total developed power of each ship 
this involves adding shaft horsepower of the propelling machinery 
and indicated power of the auxiliaries, which is undesirable from the 
standpoint of unlike units, nevertheless this method seems more 
satisfactory than entering into an intricate calculation as to the 
relation between the two units for each auxiliary, which, however 
carefully done, could only be regarded finally as an approximation. 

Table A gives principal dimensions of the various auxiliaries, and 
it will be noticed that in the machinery equipment of each vessel 
there are several of the same size and make. Tests of economy 
were undertaken only on one of each size, and the results obtained 
are considered equally applicable to all of the same size when similarly 
used. 

For convenience of reference, identification letters have been placed 
opposite the several columns of the table, and these, in conjunction 
with a designating letter for each ship, are to be found on data sheets 
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and plates of the various auxiliary tests. For example, the letters 
a-B are to be understood as designating the main air pump of the 
Birmingham: a-C, the main air pump o? the Chester; e-S, the main 
feed pump of the Salem; the letters f-B-S-C would be used to signify 
auxiliary feed pumps of all vessels. 

The auxiliaries installed on each vessel, with respect to location, 
m&j be classed under the following three heads: 1, engine-room 
auxiharies; 2, fireroom auxiliaries ; and 3, other or outside auxiliaries. 
In commenting further upon results of auxiliary machinery tests, 
this classificatioh will be oDserved. 

1. £ir&IirE-BOOM AUXILIAEIES. 

MAIN AIR PUMPS.** 

(a-B-C.) 

Table 2 shows the data collected, and plates 16 and 33 plotted per- 
formance curves, of four tests of the after main air pump of the Bir- 
mirigham. This pump is of the Blake featherweight variety, double- 
acting (both steam and water), simplex type, with two steam and 
two water cylinders. Each steam piston gives motion to its own 
water piston, and the arrangement is such that one half of the pump 
may be in operation while the remaining half is at rest. When cruis- 
ing at low powers, and to effect steam economy, it is customary to 
use but one side of the pump. In tests 1, 2, and 3 one steam cylinder 
only was in. use; in test 4, both steam cylinders were in operation 
at the same speed. During all tests the line of piping, which collects 
the discharge from all traps, was open to mam condenser; the air 
pump handled no other water; main injection ^d outboard delivery 
» valves were wide open, but circulating pump was not in operation. 
Pump made full (18 inches) stroke on all tests. In estimating and 
apportioning to each auxiliary the weight of steam used on the 
various sea trials a consumption of 186 pounds per indicated horse- 
power per hour has been taken for this pump. 

a In air pumps of the type installed on the Birmingham, where there are no valves 
to open behind the pump plunger, a good vacuum of probably 28.5 (0.75 pound abso- 
lute) or better, must always exist behind the suction side of the plunger until it passes 
the edge of the slot where the vacuum will drop to that of the condenser. The pressure 
on the ahead or discharge side of the plunger will start with the absolute pressure in 
the condenser. As the piston rises, tne pressure on the discharge side will increase, 
according to Mariotte's law. Owing to the water present, the rise in temperature will 
be very small and most of the vapor will condense as the volume decreases, since its 

Eressure can not exceed that due to its temperature. The air present, however, will 
e compressed and its pressure will rise until the discharge valves open. With the 
temperature of the cond!ensed steam in the condenser remaining constant, the vacuum 
can change only with an increase or decrease in the amount of air present, which causes 
an increase or decrease of load on the plunger. 

In case of either the Birmingham's or Chester's pumps, the actual load on the plunger 
will be the absolute pressure on the discharge side at any point of the stroke, minus 
the constant pressure behind the plunger, that is, on the suction side. The part of 
the load on the discharge side is tne same for the two types of pumps. But the part 
of the load on the suction side, which is to be subtracted from the load-on the discharge 
side to get the net load, is different in the two pumps. 

In the Birmingham's pump the suction side pressure would be a perfect vacuum 
in case of no clearance at the beginning of the stroke, but under worlcing conditions 
the pressure is that resulting from temperature of water on top of the discharge valves, 
evaporated as the plunger recedes, and which is constant throughout the stroke, no 
allowance being made for the slight variation in pressure due to a drop of temperature 
on account of the evaporation of the water. As stated above, 0.75 pound absolute 
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Tests of the Chester^s main air pump are tabulated in Table 3, 
and performance curves plotted on plates 17 and 33. These pumps 
are of the Blake, beam, vertical type, with two steam (double-acting) 
cylinders, having a common steam chest and two (single-acting) 
water cylinders. Main trap discharge line was open to main 
condenser during all tests, as well as main injection and dis- 
charge valves; circulating pump was not in use. Stroke of pump 
during tests was 18^ inches. The same steam consumption as stated 
for the BirmingJiam^s air pump, per unit of power per hour, has been 
taken for this pump in calculations relating to individual steam 
expenditures of auxiliaries on sea trials. 

AUGMENTORS. 

(b-C) 

I 

For the purpose of further adding to the vacuum produced by the 
air pumps, an augmentor is installed on the Chester in connection 
with each main condenser. When the ship is under way these are 
in constant use, the steam thus expended being practically the 
same in amount for all speeds. Tests in port, with the propelling 
machinery stopped and extending over a period of two and one-half 
hours, were carried out to determine the weight of steam used, the 
water of condensation being delivered to and measured in the main 
feed tanks. With an average steam pressure of 184 pounds (gage) 
and steam-supply valve open to the augmentors the usual number 
of tums^j the weight per hour was found to be : Forward, 904 ; and, 
aft, 992 pounds. The theoretical weight of steam, by Napier's 
formula, which would flow through a nozzle of the same diameter 
as in the augmentors, as well as that actually found by test, is graph- 
ically represented on plate 18. On (IV) steam-consumption trials 
it will be apparent that all steam used by the augmentors necessa- 
rily forms part of the measured water of condensation from the 

has been assumed as the maximum of this constant pressure. In the Chester* s pump, 
the part of the load on the suction side (which is constant) is the absohite pressure in 
the condenser minus the pressure lost in passing the air, vapor, and water through the 
foot valves. As 28.5 inches vacuum (0.75 pound absolute pressure) is assumed as 
the maximum pressure on the suction side of the BirminghavV s pump, the load on the 
Chester's pump will be the same, provided the condenser has a vacuum of 28.5 (0.75 
j)ound absolute) plus a pressure necessary to force the air, vapor, and water through 
the foot valves. For every increase of absolute pressure in the condenser over the 
assumed pressure of 0.75 pound, plus the resistance in foot valves, there will be a cor- 
responding reduction of load on the suction side of the Chester's pump, as compared 
with the Sirminghart^i' s pump, by the increase in pressure. 

In conducting auxiliary tests of air pumps, they were run at various speeds and 
with vacuums varying from 21 to 23 inches on the Birmingham, and 14 to 23 inches on 
the Chester. It was not possible, however, to make any of the tests with the main pro- 
pelling machinery in operation, and hence under usual service conditions as to 
vacuum; so, while the steam consumption, as determined for chest pressures and 
revolutions, is regarded as quite accurate and applicable to service conditions, the 
water per I. H. P. can not be so regarded. For this reason no curves for water con- 
sumption and horsepower have been drawn . The water per I . H . P. has been assumed 
to be 186 pounds for all the tests of both the Chester and Birmingham. WTiile this 
would actually vary somewhat, the total 1. H. P. of the pumps is so small that the 
error will affect the total result but slightly, and in no way affect the actual steam 
consumption of the pumps at the various speeds, since that has been determined from 
the revolutions and chest pressure, as already stated. 
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main propelling machinery. An eauivalent indicated horsepower, 
based upon a steam consumption of 50 pounds per horsepower per 
hour, has been assi^ed to each augmentor in estimating power of 
auxiliaries on sea trials. 

WET (centrifugal) AND DRY (rOTARY) VACUUM PUMPS. 

(c-d-S) 

Because of the importance, with turbine machinery, of maintain- 
ing a high vacuum at all times, a wet and dry vacuum pump form 
part of each main condenser equipment of the Salem. The first 
mentioned is of the centrifugal vertical type, driven by a Curtis 
2-stage turbine, which is provided with three steam nozzles, each 
of tapering rectangular (0.0375 square inch area at the smallest part) 
cross section. Two of the three steam nozzle openings are fitted 
with control valves, the remaining one being constantly open. The 
pump speed is regulated by a governor, and steam, after passing 
the throttle, is admitted to the turbine through one, two, or three 
nozzles, as found requisite to handle efficienfly the water of con- 
densation resulting from entry of exhaust steam into the condenser. 
No power test on mis type of pump was attempted; tests to fix steam 
economy with one and two nozzle openings — discharge from various 
traps only entering the main condensers — are recorded in Table 4, 
from which data (and also from results of other tests made by the 
Fore River Shipbuilding Company) the graphical representation on 
plate 19 has been constructed. It may be remarked here that on 
all steam-consumption tests of the Salem^s propelling machinery, 
the steaim necessary to operate these pumps could not well be sepa- 
rated from that used by the main turbines; for, although proper 
connections to the auxihary exhaust line were installed, unsatisfac- 
tory working resulted with vessel under way, when so operated 
against a back pressure above the atmosphere. The exhaust from 
each pump, therefore, was directed into its main condenser. In 
calculations relating to power of auxiliaries on sea trials, an equivalent 
indicated horsepower has been assigned to each wet vacuum pump, 
based upon a steam consumption of 50 pounds per hour per I. H. r. 

For the removal of air, etc., each main condenser is provided with 
a rotary dry vacuum pump, consisting of one. air cylinder, operated 
by a single-cylinder steam engine. Results of tests of this auxihary 
are tabmated in Table 5, and performance curves drawn on plates 
20, 33, and 43. 

MAIN CIRCULATING PUMP ENGINES. 

(e-B-S-C) 

A compound engine operates a centrifugal pump to supply cooling 
water to each main condenser. These installations on the Binning- 
Tiam and Salem are alike in all particulars, except that the engine 
shaft of the latter carries a bilge pump worked by a geared crank. 
H. P. cylinder diameter and stroke of the CJiester^s engine are some- 
what larger than similar dimensions of the engine fitted in the other 
two ships, permitting in consequence the development of greater 
power. Tables 6, 7, and 8 give, respectively, the results of ^sts of 
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these auxiliaries^ from which plates 21, 34, and 44 have been laid 
down. In all tests the main injection and outboard delivery valves 
were wide open. 

OIL-CIRCULATING PUMPS. 

(h-S-C) 

To insure proper lubrication of main turbine bearings and thrust 
blocks, oil-circulating pumps, operating on a closed system, are 
installed. The Salem is provided with two such pumps in each 
engine room, but under ordinary cruising conditions the operation 
of one pump in connection with each turbine is sufhcient. Oil is 
continuously supphed from closed tanks installed in the upper 
engine-room hatches, to the various bearings, under a gravity nead 
of about 20 feet, and drained therefrom to coolers located near the 
pumps. The purpose of the coolers is to reduce the temperature 
of oil flowing to them, each being arranged by suitable connections 
to the main circulating pumps for circulation of cooUng water. 
Each pump has a suction to the coolers with a discharge to the 
supply tank. 

lie Chester has but one oU-circulating pump in each engine room, 
either or both of which may be used* as desired on the oUing system. 
Oil is supphed to the bearings under pressure (about 10 pounds), 
and the arrangement of coolers, etc., in essential particulars is similar 
to that descnoed on the Salem. 

No steam-consumption tests were carried out on these pumps. 
A test, however, was begun on the Chester, and discontinued after 
it became apparent that the amount of steam used under ordinary 
conditions of working was extremely small, and could only be accu- 
rately determined by continuing the test over an abnormal time 
interval. Steam used bv these pumps on main steam and coal 
consumption trials, as well as power, has been estimated from results 
of other pump tests; a figure of 200 pounds per I. H. P. per hour 
has been assumed in all cases. 

MAIN FBED PUMPS. 

(f-B-S-C) 

In the original design, two main feed pumps for each ship, of the 
size shown in Table A, were estimated to be of sufficient capacity to 
supply the boiler installations with the requisite quantity of feed 
water when developing maximum power. Upon official trials, 
however, a maximum speed and power greater than that planned, 
especially with the turbine-propelled ships, was developed, making 
it desirable, at least viewed from the standpoint of safety, to provide 
an additional feed pump. This led eventually to fitting a third 
feed pump on each vessel of the same size as the other two, although 
these pumps were not finally installed imtil just prior to the coal- 
consumption runs. In the meantime, and before the main steam- 
consumption tests were imdertaken, each vessel was provided with 
a- temporary additional feed pump for emergency use. 

Tables 9, 10, and 11 contain results of the various tests carried 
<>vit, the pumps in all cases making full strokes. Performance curves 
a-re plotted on plates 22, 35, and 45. It should be observed that 
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during all testS; in order to assimulate service conditions, the punms 
delivered water against a pressure approximating tliat generally 
carried in the main feed line when steaming at sea. This was accom- 
plished by arranging the pumps to draw from double bottom com- 
partments and redefivering the fresh water to the same place, a valve 
on the delivery side of pumps being regulated to maintain the 
desired pressure. 

FIRE AND BILQE PUMPS. 

(i-B-S-C) 

These tests were conducted with fire and bilge pumps drawing 
water from and returning it to the sea, under varying discharge 
pressures, as shown on Tables 12, 13, and 14. Performance curves 
are plotted on plates 23, 36, and 46. In all tests pumps made full 
stroke. 

ENGINE ROOM AUXILIARY CONDENSER. 

(k-B-S-C) 

One cylindrical, horizontal, auxiliary condenser is located in the 
forward engine room of each vessel. Attached pumps (air and 
circulating) are horizontal and operated by a single steam cylinder. 
Tables 15 and 16 contain results of tests of this auxiliary, a per- 
formance curve being plotted on plate 24. 

2. FIEE-EOOH AXTXILIABIES. 

AUXILIARY FEED PUMPS. 

(1-B-S-C) 

In tests of these pumps fresh water was pumped from and returned 
to the double bottom compartments, the discharge pressure being 
regulated in the same manner and for the same reason as heretofore 
explained under ''Main feed pumps.'' Results are shown on Tables 
17 and 18, and curves of performance on plates 25, 37, and 47. 
Pumps made full stroke in all tests. 

FIRE AND BILGE PUMPS (uSED IN EJECTING ASHES ). 

(m-B-S-C) 

In each fireroom there is installed a fire and bilge pump, which may 
be used, in conjunction with a hopper arrangement, for ejecting' 
ashes. At such times, to insure successful working, it is essential to 
carry a comparatively high pump discharge pressure. Tests re- 
corded in Tables 19 and 20 were made under normal conditions of 
service with the pumps subjected to this use. Performance curves are 
shown on plates 26, 38, and 48. Pumps were so regulated as to 
make designed stroke on all tests. 
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• FORCED-DRAFT BLOWER ENGINES. 

(n-B-S-C) 

On the Birmingham and Salem the forced-draft blower installa- 
tions consist of six separate directly-connected blowers, two to each 
fireroom compartment, driven by independent, 2-cylinder, simple 
engines. Table 21 contains data of five tests (one blower and engine) 
on the Birminghaniy operating under different steam-chest pressures, 
free escape of air supplied the fireroom being permitted through dis- 
charge opening of tne blower at rest. In these tests care was taken 
to maintain at all times precisely the steam-chest pressure tabulated. 

Table 22 contains the results of the six tests on the Salenij with two 
blowers in use, under air pressures varying from one-half to 4 inches 
of water, the fireroom being closed air-tight, and escape of air gov- 
erned, by opening boiler furnace doors. It was the aim to carry a 
constant air pressure in each of these tests, the blower engines being 
speeded or slowed, as required, to accomplish this end. 

Eight tests on the Chester^ 8 forced-draft blower engine, recorded in 
Table 23, were carried out in the same way as noted for the Salem, 
Performance curves are shown on plates 27, 39, 40, and 49. 

3. OUTSIDE AXTXIIIABIES. 

DISTILLER CIRCULATING PUMPS. 

(o-B-S-C) 

Two distiller circulating pumps, either or both of which may be 
used, in addition, for flusning purposes, are installed in each ship. 
Tests recorded in Tables 24 ana 25 were with the pumps delivering 
sea water to the flushing main only, the evaporating plant being shut 
down. With the latter m operation it is the ordinarj^ practice to use 
but one pump to supply cooling water to the distillers, while the 
other operates on the flushing line. Performance curves are plotted 
on plates 28, 41, and 50. 

EVAPORATING PLANT. 

(o-p-r-B-S-C) 

The fresh-water distilling plant on each vessel consists of four 
evaporators (single effect) and four distillers, having a combined 
capacity of about 16,000 gallons potable water per day. Four 
pumps a.te fitted in connection with each plant, as follows : Two dis- 
tiller circulating (o), one evaporator feed (p), and one fresh water (r), 

Tests of four hours' duration were carried out on each ship, with two 
evaporators and accessories in use, the object being to ascertain the 
weight of fresh water distilled per pound of boiler steam used, with 
the plant operating under normal service conditions. The con- 
densed steam collected included that discharged from evaporator 
coils, as well as the exhaust from various (one distiller circulating, 
evaporator feed and fresh water) pumps. Results are recorded lA 
Table 26, and a graphical representation shown on plate 29. 
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ELECTBIO PLANTS. i 

(t-B-S-C) 

Each vessel is provided with three 32-kilowatt General Electric 

Senerating.sets, compound wound, of the multipolar type, and each 
riven by a direct-connected compound engine. In addition to 
lighting the vessel, current is supplied for electrical operation of a 
number of auxiliaries, such, for example, as deck winches, hull ven- 
tilation fans, workshop machinery tools, etc. An auxiliary condenser, 
similar in type to that fitted in the forward engine room, but smaller 
in dimensions, is installed for the exclusive use of each dynamo plant. 

Tables 27, 28, and 29 contain data covering tests of one engme on 
each vessel under various electric loads. Indicator cards were se- 
cured on almost all tests, but the results from those taken on the 
BirmiTioham and Salem exhibited such obvious inconsistencies (due 
probably to inaccurate indicator springs or faulty indicator connec- 
tions) as to justifjr their rejection. Cards from the Ohester^a engine 
apparently give fairly consistent and reliable results, and the power 
as determined from these has been used for all ships in plotting curves 
on plates 30, 42, and 51. 

Tests to establish the quantitv of steam necessary for operation of 
the air and circulating pumps of dynamo auxiliary condensers (u-B- 
S-C) were not made, as the steam cylinder driviiig these pumps is of 
the same diameter and stroke as fitted to auxihary condensers in 
engine rooms. 

REFRIGERATING PLANTS. 

(v-B-S-C.) 

Two vertical, 1-ton Allen dense-air (each having 1 steam, 1 com- 
pressor, and 1 expander cylinder) ice machines are installed on each 
ship, and tests of these are contained in Tables 30 and 31, with a 
graphical representation of steam consumption per hour shown on 
plate 31. As proper gear was lacking for the motion, no indicator 
cards were secured from the steam cyhnder. 

STEERING ENGINES. 

(w-tB-S-0.) 

A Williamson steam steering engine (2-cylinder, simple, horizon- 
tal) is installed on the Birmingham and Satem. The Chester is pro- 
Tided with a Hyde steering engine of similar type and principal 
dimensions, the power, in all ships, being transmitted to the rudder 
head by a right-and-left-hand screw shaft. ' 

Table 32 (pi. 32) gives the weight of steam wasted per hour by the 
steering eimne of earch ship (due to leakage) with throttles open 
(change valves in midposition)^ but no movement of the engines. 
Results are also tabulated (main propelling machinery not in use) 
when helm is slowly shifted, at precisely two-minute intervals, 3° to 
starboard, then the same angle to port, and immediately afterwards 
brought to rest amidships. 

A summary, of results of all auxiliary tests is shown in Table B. 
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34 COMPARATIVE TBIALS OF SCOUT CRUISERS. 

n. BVAPOBATIVE BOILEB TB8TS. 

The Birmiifhgham and Salem were built bv the same contractors, 
the Fore River Shipbuilding Conapany, ana, as previouslj^ pointed 
out, the boiler installations are auke. Work of constructing these 
boilers was sublet to the Sterling Boiler Company, of Barberton, Ohio, 
upon designs prepared bv the shipbuilding company. The boilers of 
the Chester, wnicn are of the same general type as fitted in the other 
two vessels, differ in amount and disposition of tube-heating surface, 
path of gases of combustion, and other particulars, as will be seen by 
reference to plate 10. They were built at the works of the Bath Iron 
Works, the contractors for the vessel. 

On each vessel the boiler plant consists of 12 water-tube boilers 
of the express type, installed m three separate water-tight compart- 
ments, and in all vessels the general arrangement, number and loca- 
tion of firerooms, number and height of smoke pipes, etc., is practi- 
cally identical. 

A series of evaporative tests were made on the Salem and Chester, 
using the two after boilers (designated by the letters L and M), with a 
view of comparing boiler efficiencies under different rates of combus- 
tion. The tests were carried out (in port) under as nearly as possible 
actual service conditions, and the boilers fired by the ships' force. 
It was considered unnecessary to repeat tests of this character on the 
Birmingham, because of similarity of boiler installations on this vessel 
and the Salem, 

Before beginning each series of tests, and after the heating surfaces 
had been properly cleaned and examined, a test water pressure (boilers 
cold) was applied in order to make sure that no leaks existed. Fur- 
ther cleaning of the boilers was done after each test, generally at night, 
as thorougmy as that was possible without hauling fires or allowing 
them to die out. 

The main water-measurmg apparatus— installed prunarily to secure 
data on steam-consumption tests of the propelling machinery — ^fur- 
nished an easy and accurate method of determining the weight of 
water pumped to the boilers. Feed water was supplied to the forward 
ineasurii^ tank (fig. 1, pi. 12) and afterwards dropped to the lower or 
distributing tank (fig. 2, pi. 12), from which latter, through a suction 
connection to the feed pump, it was delivered to the boilers. All 
tanks prior to installation in the ships were carefully calibrated, and 
the weight pumped to the boilers during any test was readily calcu- 
lated from its volume and temperature. 

The ships' main delivery feed line was made use of to supply water 
to the boilers, and this was carefully examined for leaks at intervals 
as the tests progressed. Only the use of a comparatively short length 
of this line, however, was necessary, as by closing certain valves in 
the after fireroom the delivery of Jeed water forward of the boilers 
under test was not possible. 

During tests on tne Salem, feed water was pumped directly to the 
boilers irom the lower or distributing tank, its temperature being 
somewhat raised prior to measurement, by drains blowing into the 
main feed tank. On the Chester, the feed pump discharged through 
the forward heater, and the water on its passage to the Ttjoilers, was 
raised in temperature by exhaust steam from the auxiliaries in use. 

Steam g^enerated bv the boilers under test was supplied to the 
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main steam line; and so much utilized as was necessary to operate 
port auxiliaries; any excess was disposed of either through specially 
rigged piping directed overboard (Salem) or delivered to the main 
condenser (Chester) through bleeder pipe connections. 

Moisture in the steam was determmed by Barrus throttling calo- 
rimeters, one of these instruments being fitted to each boiler and 
connected to main stop valve chambers on boiler side of valves. 
The distance of calorimeters from boiler drums was about 12 inches. 

Coal was weighed on platform scales in the firerooms, and at the 
beginning and end of each test, fires were carefully leveled so as to 
have, as nearly as could be judged, the same amount on the grates. 
It may be stated here that in planning these tests it was the intention 
to use the same kind and grade of coal in all, but on account of the 
movement of the vessels tnis proved inconvenient. The two series 
were made, therefore, with Georges Creek (Salem) and Eureka 
(Chester) coal, the vessels being temporarily at the Boston and New 
York navy-yards, respectively, when the tests were carried out. 

Considerable ash and cincier were blown out of the smoke-pipes* 
in all tests except No. 4 (natural draft) on the Chester. Because of 
this, determinations of weight of ashes hauled from the ash pans were 
considered valueless, and these weights, in consequence, have been 
figured from results of chemical ana^ses of the coal used. 

Temperature of smoke-pipe gases were taken (about 35 feet above 
grates) by mercurial and electnc pyrometers. In tabulating results, 
however, readings only of the mercurial pyrometer are recorded, 
except in test No. 3 on the Chester, In this test, flame was observ- 
able, at frequent intervals, through the .aperture into which the 
pyrometers fitted, a circumstance which did not occur during other 
tests, and the electric pyrometer only was used on account of high 
temperature. 

Analyses of flue gases on each test were made by Orsatt apparatus, 
at hourly periods on the Salem and at half -hourly intervals on the 
Chester, The average of all such analyses for each test is recorded in 
the tables. 

A summation of the data of all tests is given in Tables C and D, 
and it will be noted, from a comparison of results, that the boilers 
installed on the Salemj under approximately similar conditions as to 
consumption of coal, show a higner thermal* efficiency than the type 
on the Chester. This, unquestionably, is attributable, in part, to the 
larger. percentage of tube-heating surface in the Salem^s Iboilers, but 
more particularly to the tortuous passage traversed by the gases of 
combustion. 

Graphical representations, based on the results of these tests, have 
been plotted on plates 52 and 53. 
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Table G.— U. S. S. Salem. 



Number of test. 



1. Date of test. 



2. Duration of test. hours. 

3. Kind of fuel 



4. Kind of start. 



6. State of weather. 



AVERAGE PBESSURES. 

6. Barometer inches. 

7. Steam pressure by gage pounds. 

8. Force of draft at base of pipe inches of water. 

^9. Force of draft in furnace do. . . 

10. Force of draft In flreroom do. . . 

11. Revolutions of blower 



AVERAGE TEMPERATURES. 

12. External air "F. 

13. Fireroom do. . 

14. Steam do 

15. Feed water entering heater do. . . 

16. Feed water entering economizer do. . . 

17. Feed water entering boiler do. . . 

18. Air entering ash pit ' do. . . 

19. Escaping gases from boiler do. . . 

20. Escaping gases from economizer do. . . 



FUEL. 



21. Kind of. 



22. Weight of wood used in lighting fires pounds. 

23. Weight of coal as fired do. . . 

24. Moisture in coal per cent. 

26. Weight of dry coal consumed do. . . 

26. Weight of ash by analysis pounds. 

27. Weight of combustible consumed. i. do. . . 

28. Per cent of ash by analysis in dry coal 



FUEL PER HOUR. 

29. Coal consumed per hour pounds. . 

30. Dry coal consumed pa* hour do 

31. Combustible consumed per hour do. . . . 

32. Coal consumed per hour per square foot G. 6. .do 

33. Dry coal consumed per hour per square foot 

G. S pounds. . 

34. Combustible consumed per hour per square foot 

G. 8 pounds. . 

35. Coal per hour per square foot H. S do 

36. Dry coal per hour per square foot H. S do 

37. Combustible per hour per square foot H. S do 



1. 

July 17, 1909 

12 
Georges 
Creek. 
Continu- 
ous fires. 
Fair. 



29.90 

242 

-0.4 

0.16 0.17 

0.5 0.5 

195 



77 

115 

403 

Not in use. 

None 

127 

115 

'476 

None. 



Georges 
Creek. 



23,800 
1.44 

23,458 
1,560 

22,218 
6.65 



1,983 
1,955 
1,851 
17.09 

16.85 

15.96 
0.313 
0.308 
0.292 



2. 

July 18, 1909 

10 
Georges 
Creek. 
Continu- 
ous fires. 
Fair. 



29.88 

221 

-0.6 

0.81 0.78 

1.25 1.25 

294 



79 

110 

396 

Not in use. 

None. 

90 

110 

558 

None. 



Georges 
Creek. 



35,000 

Ave. 1.11 

34,612 

2,721 

32,247 

7.86 



3,500 
3,461 
3,225 
30.17 



29.84 

27.80 
0.552 
0.546 
0.509 



July 19, 1909 

8 
Georges 
Creek. 
Continu- 
ous fires. 
Fair. 



July 20, 1909 



Georges 
Creek. 
Continu- 
ous fires. 
Fair. 



29.76 I 
245 ' 
-0.7 I 
1.59 1.47 
2.5 2.5 
405 



72 

101 

405 

Not in use. 

None. 

117 

101 

632 

None. 



Georges 
Creek. 



30.24 

247 

-0.7 

2.67 2.66 

4.0 4.0 

512 



66 
95 
405 
Not in use. 
None. 
Ill 
95 
684 
None. 



Georges 
Creek. 



40,650 
0.78 

40,333 
3,001 

37,625 
7.44 



5,081 
5,042 I 
4,703 I 
43.80 I 

43.47 

40.54 ; 
0.802 , 
0.796 
0.743 , 



42,600 

Ave. 1.11 

42,127 

3,016 

39,552 

7.16 



7,100 
7,021 
6,592 
61.20 

60.53 

56.83 
1.121 
1.109 
1.041 
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Number of test. 



QT7AUTT OF STEAM. 



38. Per cent of moisture in steam i. 

39. Degrees of superheating 

40. Quality of steam (dr7 8team=:100). 



WATEB. 

41 . Total weight of water fed to boiler a x>ounds . . 

42. Water actually evaporated,^ corrected fdr quiRity of 

steam (40 by 41 ) pounds. . 

43. Factor of evaporation 

44. Equivalent water evaporated into dry steam from 

and at 212*' (42 by 43) pounds. . 

WATEB PER HOUB. 

45. Water evaporated per hour, corrected for quality of 

steam.. poimds. . 

46. Equivalent evaporation from and at 212* 

47. Equivalent evaporation from and at 212** per square 

foot O. S I>ound8. . 

48. Same per square foot of heating surface do 

ECONOMIC BEST7LTS. 

49. Water apparently evaporated under actual condi- 

tions per i>ound of coal as fired (41-i-23).i>ounds. . 

50. Apparent equivalent evax>oration from and at 212* 

pest i>ound of coal (including* moisture) 44-1-23, 
I>ound8 

51. Equivalent evaporation from and at 212* per pound 

of dry coal (44-1-25) " pounds. . 

52. Equivalent evaporation from and at 212* per x>ound 

of combustible (44-h27) pounds. . 

EFFICIENCY. 

53. Efficiency of boiler; heat absorbed by the boiler per 

pound of combustible divided by the heat value of 
one pound of combustible per cent. . 

54. Efficiency of boiler, including grate; heat absorbed 

by the boiler per pound of dry coal, divided by 
the heat value of one pound of dry coal 



BEMABK8 AND OBSERVATIONS. 

55. Principal data taken every 

56. Percentage of smoke as observed 

57. Average thickness of fires 

68. Efficiency of firemen; expert, average, or poor. 



1. 



0.241 
None. 
99.750 



230,683 

230,127 
•1.15 

264,646 



19,177 
22,054 

190 
3.48 



9. 



11.12 



11.28 



11.91 



75.49 



Hour. 



4" to 5" 



0.646 
None. 
99.364 



298,836 

296,905 
1.186 

352,129 



29,690 
35,213 

303 
5. 56 



8.54 



10.06 



10.17 



10.92 



69.48 



Hour. 



8. 



0.44 
None. 
99.56 



347,340 

345,821 
1.161 

401,152 



43,228 
50,144 

432 
7.92 



8.54 



9.84 



9.95 



10.66 



66.66 



Hour. 



No estimate made. 
5" to 6" I 6" to 7" 
Good average fireman. 



0.671 
None. 
99.328 



329,883 

327,666 
1.167 

i^,386 



54,611 
63,731 

549 
10.06 



7.71 

8.94 
9.07 
9.67 



60.96 



Hour. 
8" to 9" 



o Corrected for inequality of water level and steam pressure at beginning and end of test. 
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Table C. — U. S. S. Salem — Continued. 

PyEL AND GAS ANALYSES. 
PROXIMATE ANALYSIS OF FUEL. 



Number of test. 


1. 


2. 


3. 


4. 


Fixed carbon 


Per cent. 
73.76 

18.93 

0.82 

6.49 


Per cent. 
71.82 

18.67 

1.38 

8.13 


Per cent. 

72.68 

18.61 

1.19 

7.62 


Per cent. 
72.86 


Voifttlle mfttt^r ... 


18.90 


Jloiature 


1.05 


Ash 


7.20 






Total 


100.00 
0.927 


ltX».00 
1.04 


100.00 
0.95 


100.00 


Sulphur separately determined 


0.93 







ULTIMATE ANALYSIS OF DRY FUEL. 



Number of test. 



Carbon (C) 

Hydrogen (H) 

Oxygen (O) 

Nitrogen (N) 

Sulphur (S) 

Ash ^ 

Total 

Moisture in sample of fuel as received 



Per cent. 
83.10 i 

4.57 i 

3.38 

1.37 

0.93 

6.65 



100.00 
0.82 



Per cent. 
81.40 

4.62 

3.85 

1.22 

1.05 

7.86 



100.00 
1.38 



Per cent. 
81.69 

4.63 

4.07 

1.22 

0.95 

7.44 



100.00 
1.19 



4. 



Per cent. 
81.85 
4.^ 
4.22 
1.29 
0.94 
7.16 



100.00 
1.05 



CALORIFIC VALUE OF FUEL. 



Number of test. 


1. 


2. 


3. 


4. 


Calorific value by calorimeter, per pound of dry coal 

Calorific value by calorimeter, i>er pound of combustible . 

Calorific value by analysis, per pound of dry coal 

Calorific value by analysis, per pound of combustible. . . 


B. T. U. 
14,430 

15,455 

14,705 

15,751 


B. T, U. 
14,135 
15,339 
14,451 
15,682 


B. T. U. 
14,419 

15,589 

14,482 

15,646 


B. T. U. 
14,370 

15,477 

14,436 

15,548 



ANALYSES OF DRY OASES. 



Number of test. 



Carbon dioxide (C0|) 

Oxygen(O) 

Carbon monoxide (CO) 

Nitrogen (N) (by diflerence) 

Total 



1. 



Per cent. 
7.16 

9.06 

0.88 

82.90 



100.00 



2. 



3. 



Per cent. 
8.30 

11.03 

0.28 

80.39 



Per cent. 
9.88 

10.60 

1.24 

78.33 



100.00 



100.00 



4. 



Per cent. 
10.10 

9.15 

1.23 

79.52 



100.00 
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Table D,— U. S. S. Chester. 



Number of test. 



1 . Date of test 

2. Duration of test hours. 

3. Kindofliiel 



4. Kind of start.... 

5. State of weather. 



6. 
7. 
8. 
9. 



AVSBAGE PBBSSURES. 

Barometer inches. 

Steam pressure by gage pounds. 

Force of draft at base of pipe .inches of water. 

Force of draft in furnace do. . . 



10. Force of draft in flreroom do. 

11. Revolutions of blower 



AVEBAGE TEMPEBATUBES. 

12. Extemalatr ; °F.. 

13. Fireroom do 

14. Steam do 

15. Feed water entering heater ^ . . , do — 

16. Feed water entering economizer do 

17. Feed water entering boiler do 

18. Air entering ash pit do 

19. Escaping gases from boiler do 

20. Escaping gases from economizer do 

FUEL. 

21. Kind of 

22. Weight of wood used in lighting fires pounds. . 

23. Weight of coal as fired do 

24. Moisture in coal per cent. . 

26. Weight of dry coal consumed pounds . . 

26. Weight of ash by analysis do 

27. Weight of combustible consumed do. . . 

28. Per cent of ash by analysis in dry coal 



FUEL FEB HOUR. 

29. Ck>al consumed per hour pounds. 

30. Dry coal consumed per hour do 

31. Combustible consumed per hour do 

32. Goal consumed per hour per square foot 6. S. . .do 

33. Dry coal consumed per hour per square foot G. S., 

pounds 

34. Combustible consumed per hour per square foot 

G. S pounds. 

35. Coal per hour per square foot H. S do 

36. Dry coal per hour per square foot H. S do 

37. Combustible per hour per square foot H. S . . .do 

QUAUTY OF STEAM. 

38. Per cent of moisture in steam 

39. Degrees of superheating 

40. Quality of steam (dry steam»100) 



Feb.2,1909. 

10 

Eureka. 

r Continu- 

[ ouB fires. 

Fair. 



258.5 

-0.4 

0.0 0.02 

0.5 0.5 



77 

408.5 

103 

None. 

143 

. 77 

655 

None. 



Eureka. 

None. 

33,200 

1.5 

32,702 

2.093 

31,060 

6.40 



3,320 
3,270 
3,108 
2S.62 

28.19 

26.79 
0.622 
0.612 
0.582 



0.173 
None. 
99.827 



Feb.3,1909. 
8 
Eureka. 
Continu- 
ous fires. 
Fair. 



257 

-0.6 

0.42 0.45 

1.25 1.25 



Feb.4,1909. 
6 
Eureka. 
Continu- 
ous fires. 
Fair. 



258 
-0.7 
1.1 1.22 

2.5 2.5 



4. 

Feb.5,1909. 
12 
Eureka. 
Continu- 
ous fires. 
Fair. 



252 
-0.4 
-0.2 -0.2 
J Natural 
1 draft. 



Not taken. 



Do 

65 

408 

87 

None. 

115 

65 

722 

None. 



Eureka. 

None. 

36,450 

2.75 

35,448 

2,091 

34,300 

5.90 



4,556 
4,430 
4,287 
39.28 

38.19 

36.96 
0.853 
0.829 
0.803 



0.31 
None. 
99. 69 



62 

408.5 

86 

None. 

98 

62 

973 

None. 



Eureka. | 

None. I 

38,550 I 

2.0 ! 

37,779 I 

2,875 ! 

35,620 ' 

7.61 I 



6,425 
6,296 
5,937 
55.39 

54.28 

51.18 
1.203 
1.179 
1.112 



0.401 
None. 



88.7 

406.5 

103 

None. 

215 

88.7 

602 

None. 



Eureka. 

None. 

25,875 

Ave. 1.92 

25,379 

1,716 

24,125 

6.76 



2,156 
2,115 
2,010 
18.58 

18.23 

17.33 
0.403 
0.396 
0.376 



0.143 
None. 
99.862 
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Table D.— CT. S. S, Chester— Contimxed. 



Number of test. 



WATIB. 




41. Total weight of water fed to boiler a x>ouii^- • 

42. Water actually evaporated, corrected for quality of 

steam (40 by 41) pounds. . 

43. Factor of evaporation 

44. Equivalent water evaporated into dry steam from 

and at 212* (42 by 43) pounds. . 

WATER PER HOUR. 

45. Water evaporated per hour, corrected for quality of 

steam X>ounds. . 

46. Equivalent evaporation from and at 212* 

47. Equivalent evaporation from and at 212* per square 

foot G. S pounds. . 

48. Same per square foot of heating surface do 



ECONOMIC RESULTS. 



49 



50 



Water apparently evaporated under actual condi- 
tions per pound of coal as fired (41+23) . .pounds. . 

Apparent equivalent evaporation from and at 212* 
per pound of coal (including moisture) 44-»-23 
pounds. . 

51. Equivalent evaporation from and at 212* per poimd 

of dry coal (44+25) pounds. . 

52. Equivalent evai>oration from and at 212* per pound 

of combustible (44-*- 27) iwunds. . 

EFnaENCY. 

53. Efficiency of boiler; heat absorbed by the boiler per 

pound of combustible divided by the heat value 
of 1 pound of combustible percent.. 

54. Efficiency of boiler, including grate; heat absorbed 

by the boiler per pound of dry coal, divided by 
the heat value of 1 pound of dry coal. 

REMARKS AND OBSERVATIONS. 

65. Principal data taken every 

56. Percentage of smoke as observed 

57. Average thickness of fires 

58. Efficiency of firemen; expert, average, or poor 



273,896 

273,420 
1.134 

309,605 



27,342 
30,960 

267 
5.80 



8.25 
I 

9.33 
9.46 
9.96 



62.46 



287,031 

286,141 
1.163 

332,381 



35,760 
41,548 

358 

7.78 



7.88 

9.12 
9.38 
9.69 



I 



69.47 



265,766 

264,700 
1.180 

312,160 



44,117 
52,026 

448 
9.74 



6.89 

8.10 
8.26 
8.76 



56.84 



I 



237,789 

237,430 
1.068 

260,963 



19,786 
20,914 

180 
3.91 



9.19 

9.70 

9.88 

10.40 



65.68 



No analysis was made of the ashes nor of the 
cinder blown out of the stack. 



ihour. 
5" to 6" 



i hour. i hour. 
No estimate made. 
6" to 7" I 8" to 9" 
Good average firemen. 



^hour. 
4" to 6" 



a Corrected for inequality of water level and steam pressure at beginning and end of test. 
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Table D.— U. S. S. Chester— Qontinned. 



FUEL AND GAS ANALYSES. 



PROXIICATE ANALYSIS OF FUEL. 



Number of test. 


1. 


2. 

Per cent. 
76.84 

15.75 

.97 

6.44 


3. 


4. 


Fixed carbon 


Per cent. 

76.46 

16.17 

.52 

6.87 


Percent. 
75.51 

15.51 

.78 

8.20 


Percent, 
76.61 


Volatile matter 


15.36 


Moisture 


.89 


Ash 


7.14 






Total 

Sulphur spparatAly det^nninefl , . 


100.00 
L36 


100.00 
1.53 


100.00 1 
1.70 1 


100.00 
1.14 







ULTIMATE ANALYSIS OF DRY FUEL. 



Number of test. 



Moisture in sample of fuel as received.. 

Carbon (C) 

Hydrogen (H) 

Oxygen (O) 

Nitrogen (N) 

Sulphur (8) 

Ash ! 

Total 

Moisture in sample of fuel as reoeiYed 



1. 


2. 


3. 


4. 


Percent. 


Per cent. 


Percent. 


Per cent. 


0.52 


0.97 


0.78 


0.89 


83.41 


84.06 


81.82 


83.27 


4.42 


4.39 


4.31 


4.33 


3.30 


3.03 


3.49 


3.44 


1.10 

9 


1.08 


1.06 


1.05 


1.37 


1.54 


1.71 


1.15 


6.40 


5.90 


7.61 


6.76 


100.00 


100.00 


100.00 


100.00 


0.52 


0.97 


a78 


0.89 



CALORIFIC VALUE OF FUEL. 



Number of test. 


1. 


2. 


3. 4. 


Calorific value by calorimeter, per pound of dry coal 

Calorific value by calorimeter, i>er pound of combustible. 

Calorific value by analysis, per pound of dry coal 

Calorific value by analysis, per pound of combustible. . . 


B. T. U. 
14,629 

15,627 

14,673 

15,674 


B. T. U. 
14,697 

15,617 

14,744 

15,668 


B. T. U. 
14,320 
15,498 
14,370 
15,551 


B. T. U. 
14,548 
15,600 
14,576 
15,630 



ANALYSES OF DRY GASES. 



Number of test. 


1. 


2. 

Per cent. 
7.16 

11.60 

0.76 

80.48 


3. 


4. 


Carbon dioxide (COi) 


Per cent. 

6.33 

15.04 

0.34 

78.29 


Per cent. 

9.65 

9.43 

0.23 

80.69 


Per cent. 
9.14 


Oxygen (0) 


9.81 


Carbon monoxide (CO) I 


0.53 


Nitrogen (N) (by diflerence) 


80.52 






Total 


100.00 


100.00 


100.00 


100.00 
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lU. 8TANDABDIZATION BTJN8. 
DATES OP DRY DOCKING, ETC. 

Speed performances of vessels are considerably and variably 
affected by the state of wind and sea, and especially bv condition 
of underwater hull as to cleanliness. Reduction in speed invariably 
follows sea growth accumulations on ships' hulls, being most rapid 
and marked with unsheathed vessels of steel construction. In order 
to minimize the uncertain and varying influence on speed, attribu- 
table to this, during comparative sea trials of the Scouts, it was the 
aim to run all such tests with ships' bottoms clean. This plan, how- 
ever essential to accurate comparison, proved a most difficult one to 
execute with entire satisfaction, and, no doubt seemingly small, 
inexplainable discrepancies of speeds and power on some of the 
various trials are in a large measure due to this cause. 

As a preliminary to standardization runs, the three vessels were 
dry docfeed and the bottoms cleaned and painted with the same 
variety of (Mclnnes) paint. The Birmingham was in dock September 
17-24, the Salem (first standardization) from September 25 to 
October 1, and the Chester^ September 14 to 16, all dates mentioned 
being in the year 1908. The Birmingham and Salem received a 
toucning-up coat of anticorrosive, and later a complete coat of anti- 
corrosive and antifouling paint. As the Chester had only been out 
of dry dock about a montn,* it was only considered necessary, when 
again docked at the date noted, to apply a touching-up coat of anti- 
corrosive and a complete coat of antifouling paint. 

After coming out of dry dock and prior to standardization runs on 
December 14, 1908 (pi. 85), the Birmingham did little sea cruising, 
covering less than 700 miles, the intervening time being spent 
alongside the wharf at the Boston Navy- Yard, re-expanding boiler 
tubes, and completely replacing tubes in boilers A and B. 

The Salerrij in the meantime, was ordered on a preliminary shaking- 
down cruise to the West Indies, during which time approximately 
5,000 miles was covered. The ship left Boston on Octooer 17, 1908, 
and returned to that port on November 19, 1908, when it was de- 
cided to fit new propellers, the vessel being placed in dry dock for 
that purpose from November 30 to December 3, 1908, and at that 
time a touching-up coat of antifouling paint was applied to the 
bottom. The first standardization runs (pi. 86) were made on Decem- 
ber 15, 1908. This vessel, however, was re-standardized (pi. 87) 
while the second series of steam-consumption tests were in progress 
(Aug. 11, 1909), but just prior to this (July 2 to 8, 1909) the ship was 
dry docked and a complete coat of anticorrosive and antifouling paint 
was applied to the bottom. Comparison of the results of tne two 
standardizations, the displacement being practically the same for 
each, shows material differences in horsepower and revolutions 
required for a given speed, and this is referred to more at length 
under steam-consumption trials. 

The Chester, after dry docking, remained at the Boston Navy-Yard 
until October 14, 1908, and then made a cruise in northern waters of 
about 1,450 miles, arriving finally at Rockland, Me., on November 3, 
1908. Standardization of this vessel (pi. 88) extended over a period of 
three days (Nov. 5, 6 and 7, 1908) and involved running over tne meas- 
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ured-mile course, usin^ all three — 4, 5, and 6 turbine — combinations of 
main propelling machinery. Referring to plate 88, it will be seen that 
12 runs each were made with the 5 and 6 turbine combinations and 17 
runs with the 4-turbine combination, all of which were with exhaust 
steam from the various auxiliaries in operation directed into the feed- 
water heaters, boiler steam only being admitted to the turbines. 
For the purpose of ascertaining if a given mean (all shafts) number of 
revolutions ^esultin^ by admitting exhaust steam from the aux- 
iliaries into the turbines would cause a difference from the speed cor- 
responding to the same mean number of revolutions, using boiler 
steam only, 3 experimtotal runs (6-turbine combination) were made 
with the auxiliary exhaust open to the second stage of the main 
H. P. turbines. This resulted in a mean average speed of 14.57 and 
corresponding mean average revolutions of 301.5, with an aggregate 
S. H. r. of 2,570. Three additional experimental runs were carried 
out (6-turbine combination in use) with the auxiliary exhaust steam 
directed into the L. P. turbines, which gave a mean average speed of 
15.28 and corresponding mean average revolutions of 312.8, with a 
total S. H. P. of 3,100. Both series of experimental runs are plot- 
ted on plate 88. But one speed-revolution curve, however, is laid 
down for all turbine combinations up to 19.5 knots. Above this 
speed, and for the 4 and 5 combinations, separate speed-revolution 
curves are drawn. 

All vessels were again docked in 1909, just prior to coal-consump- 
tion tests on dates as follows: The Birmingham, March 12 to 16; the 
Salem, March 12 to 14; the Chester , March 8 to 12. The bottoms of 
all vessels received a complete coat each of anticorrosive and anti- 
fouling, and the Birmingham, in addition, a preliminary touching-up 
coat of anticorrosive, paint. 

It may be pertinent, on account of the importance which foulness 
of bottom bears upon speed, power, etc., to recapitulate here the 
number of days intervemng between the date of coming out of dock 
and commencement of the various trials. 



Before standardisation trials 

Before oommencement of main steam consumption tests. 
^efore first ooal-oonsumption test 



Days out of dock. 



Blmiingham. 


Salem. 
12 


Chester. 


. 80 


49 


104 


27 


61 


4 


6 


8 



In the case of the Salem, for the second series of tests, standardiza- 
tion took place thirty-three days and steam consumption tests 
began twenty-nine days after the vessel left dry dock. 

IV. STEAM CONSUMPTION TRIALS OF MAIN PROPELLINO AND 

AUXILIARY MACHINERY. 

Of the various trials carried out under the Board^s supervision, 
those of this group, comprising tests to fix steam consumption of the 
propelling machinery or the three vessels at different sea speeds, 
are considered to be of the most importance. The object was to 
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establish the comparative steam expenditures of the three types of 
main propelling installations, progressively, from about 10 Imots to 
maximum speea, and, incidentally, this involved determination of the 
steam used collectively on each trial by the auxiliaries in operation. 
It will be apparent that in running these trials, it was necessary to 
keep in view, and, as far as possible, guard against any features 
which might have an indeterminate influence on speed, such as the 
following: (1) Unlike conditions of underwater hull as to cleanliness; 
(2) variable weather and sea conditions; (3) dissimilarity in displace- 
ment. 

All vessels were fitted with separate and similar water measuring 
apparatus, and the series of tests on each were undertaken at differ- 
ent times, as the ships could be spared for the purpose. When once 
started, however, the entire series was finished berore assignment of 
the vessel to duty elsewhere, and for convenience in coaling as the 
trials progressed, the coaUng plant at Bradford, R. I., was selected 
as an accessible base from which to operate. For the second series 
of tests on the Salerriy the coaling station at Frenchmans Bay was 
chosen as a base. 

It was the aim to have the bottoms of all vessels free from marine 
growth, and as far as coiuld be judged from the condition of that part 
of the underwater body visible at the water-line there was no radical 
difference in this respect when the trials were run. The time interval 
between coming out of dry dock and commencement of these trials, 
however, was not, as has been previously pointed out, the same for 
any of the three vessels. 

Tests were run during favorable weather only; that is to say, under 
conditions of smooth sea and comparatively light winds, and, as 
far as practicable, in day time, the ship always coming to anchor 
about nightfall. Frequent delays occurred by reason of unfavorable 
weather, and often, on slow speed runs, advantage was taken of the 
protected waters of Long Island Sound in order to escape unsuitable 
weather conditions prevailing in the open sea. 

An effort was made to maintain uniformly a standard mean dis- 
placement of 4,000 tons on all trials, but evidently this could be 
carried out practically within reasonably narrow limits only. The 
draft was adjusted by water ballast (using trimming tanks and double 
bottom compartments) at the beginning of each day, when tests 
were to be made, so that the resulting displacement would be slightly 
over the figure stated, due consideration being given to the amount of 
coal likely to be consumed. The displacement for each trial run 
during the day was readily figured from the draft on coming to 
anchor for the night. As the ship's displacement gradually de- 
creased, due to daily fuel consumption, a condition was nnally 
reached, after completion of a number of tests, where it was imprac- 
ticable to arrange for the standard displacement by water ballast 
alone; at such times tests were temporarily discontinued until the 
ship could be again coaled. 

A brief description has been given of the water measuring appliances 
and it will only be necessary to set forth here more in oetail the 
method followed in its operation. Reference has been made to lift 
pumps which were installed as part of the test outfit. Three such 
pumps were provided on each vessel, one in connection with each 
main feed tank, and one for the auxiliary measuring tank. The 
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sole function of the main lift pumps was to draw water from the feed 
tanks and elevate it to the measuring tanks located on the spar 
deck. From these latter, after measurement, the water was dropped 
by gravity into distributing tanks below, from which, through proper 
connections to the feed pumps, the boilers were supplied witn feed 
water. The auxiliary Hit pump handled all water, after measure- 
ment from the auxiuary tank, and delivered it to the forward dis- 
tributing tank; water or condensation from the auxiliaries in opera- 
tion was discharged into the auxiliary measuring tank by the air 
pump of the auxiliary condenser. 

It was the usual practice, after the propelling machinery had been 
regulated to the number of revolutions desired (as determined from 
the standardization speed-revolution curve) and with the water of 
condensation passing through both main and auxiliary measuring 
apparatus, to allow aoout one-half hour to intervene before beginning 
to record data, in order to guard against irregularities of operation 
and for the further purpose of permitting the machinery to assume 
normal working conditions. Eight observer were stationed as 
follows: one at each main measuring tank; one at the auxiliary 
measuring tank; two in each engine room to record data of counters, 
gages, revolutions, etc., of auxiliary machinery, and height of water 
in feed tanks; one to record data of auxiliaries outside of the engine 
room spaces. In addition to the above, a requisite number of ob- 
servers were assigned to secure data from which the power of the 
propelling machinerv could be calculated. 

A stand-by signal was given one minute before each test began, 
generally bv engine-room gongs ; also at the instant of beginning each 
test, and thereafter at precisely twenty-minute intervals as the test 
progressed. At the moment of starting, measuring-tank observers 
shifted goose-neck connections, and thus directed the water of con- 
densation into the empty compartment of the measuring tanks, the 
valves at the bottoms controlling the outlets having been previously 
closed. As each measuring-tank compartment filled, the remaining 
one was emptied and prepared for the reception of water, so that both 
compartments were usea alternately as tne test proceeded. A rec- 
ord was kept of the elapsed time in filling each compartment, as well 
as of the temperature of the water. 

In the engine room the height of water in each feed tank at all time 
intervals during the tests was recorded, a graduated scale being 
attached to facilitate making such entries. These tanks, moreover, 
had been calibrated, and although the aim in all tests was to maintain 
the water delivered into them at a constant height, in event of depar- 
ture from this, the exact weight of exhaust steam condensed by each 
main condenser could be figured at any time by applying a proper 
correction. The feed tanks were also connected by an equalizing 
pipe, making it possible to use but one main measuring tanlc and its 
lift pump for both engine rooms; and it may be noted in passing that 
during tne first tests on the Chester the forward lift pump gave con- 
siderable trouble from unsatisfactory working, unavoidably necessi- 
tating on such tests connection of the two feed tanks through the 
equalizing pipe. Ordinarily, however, the tanks were disconnected, 
as this methpd furnished the means of separately determining the 
weight of exhaust steam entering each main condenser. 
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Steam-consumption tests may be classed under two general head- 
ings, as follows: First, those in which none of the auxiliary exhaust 
steam was used in the main propelling machinery to assist propulsion; 
and, second, those in which all available auxiliary exhaust, not utilized 
in the feed heaters, was conveyed to the propelling machinery to 
assist propulsion. Otherwise stated, the two classes comprise tests, 
(1) in which exhaust steam from the auxiliaries was led into the feed- 
water heaters, afterwards being delivered to and condensed in the 
auxiliary coiidenser, and (2) tests in which the auxiliary exhaust line 
was open, not alone to the feed heaters, but as well to L. P. engine 
receivers (BirmingJiam) or some stage (Salem and Chester) of main 
turbines. In tests of the latter character only condensed exhaust 
from dynamos, trap drains, etc., delivered into the auxiliary measur- 
ing tank, the regulating valve in auxiliary exhaust line at the auxil- 
iary condenser being tightly closed to prevent entry therein of ex- 
haust steam. It will be evident that water of condensation collected 
and measured in the main tanks in such tests included steam used by 
the main propelling machinery, and in addition part of that used by 
the auxiliaries. A pressure above the atmosphere was always main- 
tained in the auxiliary exhaust line, which was effected by a regulat- 
ing valve on the auxiliary condenser in tests of the class first men- 
tioned, and by manipulation of proper valves attached to propelling 
machinery on other tests. It should be noted that the larger the per- 
centage of auxiliary exhaust steam delivered to the main engines or 
turbines the greater the speed and powei* developed, the highest speed 
and power on a given steam consumption being obtained when the 
feed heaters are not in use. The apparent economy, as measured in 
total steam per knot and per horsepower, would then reach a maxi- 
mum. This, however, does not represent the point of maximum 
economy when the speed and power are based upon coal consumption, 
for the use of sufficient auxiliary exhaust in the feed heaters to give 
the feed-water the highest temperature increases the amount of 
steam evaporated in the boilers when the same amount of coal is being 
consumed, so that the increased output more than counterbalances 
the apparent loss due to the use of exhaust steam in feed-water heat- 
ers. This fact should always be taken into consideration when the 
performance of any vessel is given in terms of total water per knot or 
per horsepower, otherwise misleading inferences may be drawn. It 
may be further pointed out in connection with steam-consumption 
trials that close regulation of auxiliaries to the requirements (which 
to a large extent are dependent upon speed of vessel) was not at- 
tempted. In this respect data of coal-consumption trials furnish a 
safer guide as to the least quantity of steam necessary for operation 
of the auxiliaries, since on all ships during these trials every effort 
was made to reduce this expenditure to a minimum. 

Power of the main propelling machinery was calculated, for the 
Birminghamy from indicator cards. Torsion meters, of the Denny- 
Johnson type, were fitted on the Salem and Chester to obtain shaft 
horsepower, determinations with these instruments being made 
by comparison of the torsion on a length of turbine shafting, which 
before installation had been carefully calibrated, and torsion readings 
on the same length of shaft during the trials. In the latter, the torsion 
meters measured the torsion by means of magnets, electrical resist- 
ance coils, etc., readings depending for accuracy upon adjustments 
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for sound disappearance. Particular care was exercised, at all times, 
to secure accurate torsion meter readings, but the type mentioned as 
installed on these vessels is believed to be too delicate, both in con- 
struction and theory of operation, for satisfactory and reliable 
results on shipboard. Moreover, at low powers, because graduations 
for sound disappearance were so widely apart, a source of considerable 
possible error existed, no matter how carefully readings were taken, 
as illustrated by the following: Scale graduation, between adjacent 
contact points on the instrument, progress by 0.02 beginning at 0. 
The smallest reading recorded on any test was 0.07, which Res be- 
tween the contact points of 0.06 and 0.08, and which, therefore, can 
only be regarded as'an approximation. Furthermore, this reading 
was subject to correction for determination of zero point of the 
instrument, which is established by steaming ahead, for example, on 
the port screws, while the starboard shafts revolve idly and presum- 
ably without torque. It will be evident that this latter reading can 
not be taken with any greater degree of accuracy than the former. 
At higher powers, the possibility of error is smaller in percentage 
of the total, and in aadition, torsion-meter readings can be more 
readily noted, because at higher rotative speeds the sound is more 
distinguishable. 

Since on various sea trials it was possible only to obtain shaft 
horsepower of the main propelling equipments of the Salem and 
CfhesteTj while on the Birmiiigham torsion meters were not installed, 
the necessity of selecting either shaft or indicated horsepower as 
the unit for purposeis of power comparison is apparent. Shaft 
horsepower has been chosen principally because power expended 
in propulsion on two of the three vessels was thus measured. Suf- 
ficient experimental data is not extant to fix accurately the existing 
ratio between shaft and indicated horsepower. Moreover, this 
ratio varies somewhat for the same engine, being greater at lower 
than at higher powers, and besides is not constant for engines 
of the same power if of different tvpes. In practice, however, it 
is generally considered as constant tor all usual ranges of power of 
the same engine. In calculations relating to these trials, a ratio 
of 0.94 has been assumed in converting indicated into shaft horse- 

fower, but this should be regarded only as a close approximation, 
t may be further pointed out, in this connection, that no attempt 
has been made to convert indicated into shaft horsepower for the 
auxiliaries, since computations of this character introduce so many 
uncertainties, at l^est, as to render such calculations of doubtful 
value. 

Curves of effective horsepower and speeds, as laid down from 
results of towing models (including the following appendages: 
Rudder, bilge keel, propeller shafts, and struts) of these vessels 
in the Washington model basin (4,000 tons displacement) are shown 
on plates 54, 55, and 56. Propulsive efficiency curve for the Bir- 
mingham has been laid down, but such curves for the other two vessels 
have not been drawn on account of variation and unquestionable 
inaccuracy of power recorded for the lower speeds. 

Calorimeters of the Barrus throttling type were installed and read- 
ings therefrom recorded on all sea trials. These were located between 
the throttle and steam chest, as follows : One in each engine room of 
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the Birmingham and Salem; on the Chester, four in all, one each to 
H. P. cruising, I. P. cruising and main H. P. turbines. 

Results of evaporative boiler tests heretofore given show practi- 
cally no moisture in the steam, even for higher combustion rates. 
In calculations relating to steam consumption of main and auxiliary 
machinerv, therefore, it has been assumed that dry steam was sup- 
plied at all times. In this connection it may be remarked that steam 
separators were fitted in each engine room, in the main steam line of 
the Birmingham and Salem, but no similar appliance was installed on 
the Chester, Through an oversight in design and construction, the 
interior diaphragm being improperly located, the forward separators 
on both ships were only partly efficient for the purpose intended, unless 
cross-connection pipe between port and starooard main steam lines 
in forward engine room was not used. As installed, and with valves 
open on the pipe mentioned, steam from the port boilers could pass 
directly to the forward propellingengine, the separator merely serving 
as a means of communication. The first series of steam consumption 
trials on the Salem were run with this cross-connection pipe in use, 
and on some tests violent fluctuations were noticeable of the lower 
calorimeter thermometer. This may be attributed to the fact that 
the forward turbine on all these tests, when making the same number 
of revolutions, used more steam than the after, and consequently the 
supply was no doubt drawn partially through this cross-connection 
pipe. In later trials,^ connection between port and starboard main 
steam lines was effected through piping in the firerooms only. 

In carrying out steam consumption trials on main machinery the 
importance of obtaining uniformity in water rates, under like con- 
ditions of operation, was realized. The weight of condensed steam 
collected was checked at frequent intervals as the tests progressed, 
and each test continued until agreement of results, within reasonable 
limits, was shown. Almost all tests cover a time interval of at least 
two hours, and this is believed to be sufficiently long to secure reliable 
data when fluctuations in water rates are slight. Where, however, 
considerable variation occurred in this particular, due to unknown 
causes, tests were continued over a longer period. As will be observed 
from an examination of the tables and accompanying remarks, the 
data recorded in the first part of some of the tests were rejected as 
unreliable. 

Charts of speed, as shown by Nicholson recording logs, for all steam 
consumption trials have been copied on sheets containing remarks, 
and which follow data tables of each test. It should be stated that 
accuracy of speed thus shown depends upon adjustment of instru- 
ments and connecting accessories and is influenced also by helm 
angle and bv roUing, as well as pitching of the ship. The charts are 
believed to be of interest principally as graphically illustrating speed 
regularity during the various tests. 

The following was the order in which main steam consumption 
tests took place: Chester, November 18 to December 5, 1908; Salem 
(first series), December 31, 1908, to Januarv 3, 1909; Birmingham, 
January 7 to 12, 1909; Salem (second series), August 7 to 14, 1909. 

A summary in tabular form of the important results on the three 
vessels is given below. 
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BIRMINGHAM. 

[Tables 33 to 42.] 

The auxiliary exhaust line of piping on this vessel is connected to 
the second receivers of main engines. Tests Nos. 2, 4, 7, and 9 were 
carried out with receiver valves slightly open, the object being to 
thus utilize any auxiliary exhaust steam not condensed in the feed- 
water heaters. It will be apparent that, by cutting out the latter, all 
exhaust from the auxiliaries becomes available to assist in propulsion, 
but necessarily this involves lowering the boiler feed-water tempera- 
ture; and while in this way a less number of pounds of steam per 
unit of power developed unquestionably results no increase in 
economy, based upon coal consumed, is shown. Receiver valves 
were so regulated m these tests, therefore, as to maintain the feed- 
water temperature at about 150*^. 

Tests Nos. 1, 3, 5, 6, 8, and 10 were conducted with engine receivers 
valves closed and engine room auxiliary condenser in operation to 
care for such excess of auxiliarv exhaust steam as was not condensed 
in the feed heaters. 

Synopsis of results of all tests are shown in Table E. 
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SALEM. 

[Tables 43 to 65.] 

As previously pointed out, two series, of steam-consumption trials 
were carried out on this vessel. The results of both series are given 
since the coal-consumption tests (V) and full-power run of twenty- 
four hours (VI) were made in the interval between the two. Tms 
made it necessary to run two standardization trials, the results of 
which, as to power for a given speed, differ materially, probably 
attributable to unlike weather conditions and diflFerent condition 
as to cleanliness of underwater hull when the trials were run. There 
is a likelihood, also, that torsion-meter readings were unreliable, or a 
further possibility of inaccurate determination of zero points of the 
instruments ; investigation seems to show, however, slight probability 
of large differences in power being accounted for in this way. Both 
standardization curves are shown on plate 83, and in addition power 
points, as determined on all sea trials, are plotted on the same sheet. 
The latter points, with but one exception, it will be observed fall 
between the two standardization curves. 

Upon completion of the full-power trial (VI), and because of the 
marked diflFerence between the performance of the starboard and port 
turbines during both steam and coal consumption tests, the Fore River 
Ship Building Company requested, and was granted, permission to 
make an examination of the main turbines and undertake repairs 
found necessary. The starboard turbine had shown less efficiency 
than the port, inasmuch as more nozzles were required to be open 
on the former (with the same steam-chest pressure) to maintain the 
same revolutions of the two turbines. Tne vessel proceeded from 
New York Harbor (in which port she arrived after the trial last men- 
tioned) to the works of the Fore River Company at Quincy, Mass. 
After removal of top castings and lifting of rotors a careful inspection 
of both turbines was made, the condition, in detail, being as set forth 
in a report forwarded to the Bureau of Steam Engineering by the 
inspector of machinery at the Fore River Works, and from which the 
following is taken: 

Starboard or Forward Turbine. 

It was found on examination that aside from the accidental damage which the star- 
board turbine had sustained and which accounted for the falling off in revolutions of 
this turbine compared with the port one, the general condition of both was equally 
bad, and that of tne port turbine was perhaps worse than the starboard one. The acci- 
dental damage sustained by the starboard turbine was the almost complete closing up 
of the steam passages through the first row of buckets of the fifth stage wheel (see pi. 
5) by some obstruction which was apparently picked up from the bottom of the casing 
and jammed between the moving buckets and the fifth stage nozzle blades. It 
gradually moved from one nozzle to the next, as the nozzle blades were bent down 
and the revolving bucket blades bent and hammered together, traveling in this manner 
over one quadrant of the nozzle circle to the top of the lower half casing. At this 
point it could advance no farther and remained lodged in the last nozzle opening until 
it had been battered and chafed a hole through the nozzle blade, when it probably 
dropped back into the fourth stage. By this time the obstruction, whatever it was, 
had probably been pounded and broken into small bits, which were carried on through 
the turbine, accounting in part for numerous minor injuries to the blading. No trace 
of it could be discovered m the turbine. 

While the lodging of an obstruction between the fifth stage nozzles and the wheel 
buckets fully accounts for the injury sustained by the fifth stage wheel and nozzles, 
the causes of the bad condition of the turbine in other respects was to be found in the 
excessive working of the rotor and shaft fore and aft, made possible by the yielding of 
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the thrust foundations. In both turbines the rotor and shaft had worked fore and aft 
until the clearances in most of the stages between rotor buckets and intermediates 
had not only disappeared, but the rotor bucket bases and shrouds had rubbed and cut 
into the bases and shrouds of intermediates until the latter had, in many instances, 
been reduced in width from one-eighth to three-sixteenths of an inch. During this 
rubbing process the blades also haa suffered injury, and in some rows the blades, par- 
ticularly of the intermediates, had been dented and frayed, but on the whole the injury 
to the buckets was slight, owing to their springiness. It is to be noted, however, that 
while in the port or after turbine the movement of the rotor had been forward, yielding 
to the thrust of the screw and the steam thrust, which act in the same direction in this 
turbine, in the forward or starboard turbine the displacement of the rotor had been 
aft against the screw thrust, yielding to the abnormal steam thrust brought about by 
the closed buckets of the fifth stage wheel. 

The main cause of the injuries discovered iii both turbines, aside from the accidental 
damage to the nozzles and wheel of the fifth stage of the starboard turbine, and to the 
rotor buckets of the first stage wheel of the port turbine, was to be found in the lack of 
rigidity of the thrust foundations, which yield under stress. It was noticed in a num- 
ber of the stages of both turbines that the buckets of rotor wheels had chafed on both 
the forward and the after edges of intermediates, showing that the entire clearance 
space, measuring about seven-sixteenths of an inch in the present condition of rotors 
and intermediates in stages in which chafing was observable on both edges of interme- 
diates, had been bridged by the fore and aft movement. The movement fore and aft 
was probably not quite so great as this, as the chafing on opposite sides of intermediates 
possibly occurred at different times, the rotor being adjusted in the meantime, but 
such adjustment was certainly very small when compared with the total clearance. 
There is no doubt; that excessive fore and aft spring did exist. On the run of the vessel 
from New York to the Fore River Engine Works a fore and aft movement of the for- 
ward end of thrust bearing of the port turbine had been observed, amounting to one- 
sixteenth of an inch at the level of the bearing pedestal flange and to three-sixteenths 
of an inch at about the height of shaft center. It speaks well for the design of the 
interior construction of the Curtis turbine that under such severe conditions the dam- 
age was comparatively easily remediable. The clearances became in many stages 
considerably m excess of the designed ones, but it is the opinion of the contractors 
that the efliciency will not be appreciably affected thereby. 

The displacement fore and aft of the rotors and shafts caused trouble in the main 
bearings also, and in the forward rotor shaft stuffing box of the port turbine. The after 
main bearing of the starboard turbine heated excessively, owing to rubbing of the oil 
rings on the shaft against the end of the brass, the oil lip of the latter having been badly 
rubbed and cracked. Similar trouble also arose with the forward main bearing of 
the port turbine. Here also, the oil collars on the shaft had come in contact with the 
end of the brass, and in addition the shoulder of the shaft in the forward end of turbine 
casing had rubbed against the bottom of the stuffing box, resulting in excessive heating 
of the shaft and bearing. The bottom of the stuffing box was buckled and cracked, 
but not enough to make its removal a necessity. The heating of both the above main 
bearings took place during the first four hours of the twenty-mur hour full-power run. 
Both were cooled with water hose, after which there was no further trouble. 

Port or After Turbine. 

Nearly all that is to be recorded of this turbine has been touched upon in speaking 
of the starboard turbine. As stated before, aside from the accidental injury to the 
fifth stage nozzles and wheel of the stal-board turbine, the general condition of the port 
turbine was, if anything, the worse of the two, the injuries being due to the movement 
fore and aft of the rotor as described above. As before noted, the port turbine takes 
steam for going ahead at the after end, so that steam thrust and screw thrust act in the 
same direction, and any weakness in thrust bearing foundation will, therefore, be more 
seriously manifest. Besides the injuries due to the rotor displacement, this turbine 
had suffered accidental damages from a coarse-threaded five-eighths of an inch boK, 
about 3 inches long, which was found, on lifting the top half casing, standing on its 
head in one of the second stage nozzle openings on the first stage side of diaphragm. 
The following injuries, which were confined to the first stage wheel were doubtless due 
to this bolt; the bolt itself showed that it had been heavily struck; one bucket and 
piece of rim or shroud in one segment of the first row of first stage wheel broken out; 
another segment in same row struck and rim cracked; rim badly dented in one place 
on fourth row. 

The following is a report on the condition of the turbine parts in detail and of the 
measures adopted to repair defects, with comments. It should be noted that in the 
following the wearing away of intermediates and rotors spoken of has reference to wear 
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of bases and rims only, unless special mention is made of the blades. In most cases 
the latter escaped injury due to the rubbing, even where the solid metal of the bases 
and rims was much worn. Unless otherwise stated, bucket edges of rotors and inter- 
mediates reported as dented, bent, frayed, or nicked have been repaired by straight- 
ening and smoothing the edges: 

Starboard Turbine. 

first stage ahead. 

Nozzles. — Pieces broken out of the ends of five nozzle blades; one blade cracked at 
end and ready to break; two slightly bent. The defects in nozzle blades are not 
peculiar to those near the center of the group, which receive very much more wear 
than those nearer the ends, but occur irregularly. For example, in the nozzles of the 
starboard turbine four of the broken blades are found well toward the ends, one in the 
center. In the nozzle of the port turbine two of the broken blades are on the extreme 
end, the others near the middle. In view of this condition it is believed that the 
deterioration is not a matter of erosion, but of fatigue of the metal, which renders it 
brittle. The nozzle blades had been made unnecessarily thin, and in the new nozzles 
which were fitted they were left somewhat heavier. 

Rotor btickets. — Worn down slightly on the after side, due to mobbing; a number of 
blades dented and a few chipped slightly. 

Intermediates. — Bases and rmis badly worn, due to rubbing of rotor, and edges of 
bucket blades frayed and bent. The rubbing occurred entirely on the forward side 
of intermediates and the wear amounts to from one-eighth to three-sixteenths of an 
inch, averaging five thirty-seconds of an inch. All intermediate segments were 
renewed. 

SECOND STAGE. 

Nozzles. — In good condition. 

Rotors. — First two bucket rows slightly worn on after side, due to rubbing; a few 
blades in first row badly dented. 

Intermediates. — Badly worn and bucket edges frayed; condition and amount of wear 
same as first stage intermediates; all intermediate segments were renewed. 

THIRD STAGE. 

Nozzles. — In good condition. 

Rotors. — First two rows slightly worn on after side, due to rubbing; a number of 
blades in first row badly dented. 

Intermediates. — Worn on forward side about one thirty-second of an inch and con- 
dition good; second row shows slight rubbing on after side also. 

FOURTH STAGE. 

Nozzles. — In good condition. 

Rotors. — First two rows slightly rubbed on after side; a number of blades dented. 
Intennediates. — General condition about the same as third stage intermediates; wear 
somewhat greater, scant one-sixteenth of an inch, but on forward side only. 

FIFTH STAGE. 

Nozzles. — In good condition, except those in lower inboard cjuadrant, blades of 
which were bent and worn by some obstruction not found. The injured sections, three 
in number, were renewed. 

Rotors. — Badly worn by rubbing on after side; first row of buckets entirely closed by 
some obstruction which lodged in lower inboard nozzles; second and third rows of 
blades dented and cut, the second row more so than the third; the first and second 
rows were entirely renewed. 

Intermediates. — Badly worn and bucket edges rubbed and frayed; entirely renewed. 

SIXTH STAGE. 

Nozzles. — In good condition. 

Rotors. — Slight rubbing on after side; many small dents in blade edges. 
Intermediates. — Both rows show decided wear, about one thirty-second of an inch 
on forward side, and second row also shows chafed spots on after side. 

SEVENTH STAGE. 

Nozzles. — In good condition. 

Rotors. — Slight rubbing on after side; many blades dented, a few deeply. 

Intermediates. — In good condition. 
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FIRST REVEkSE STAGE. 

Nozzles. — In good condition. 

Rotors. — Slight rubbing on after side; many blades dented, some in first row badly. 
Intermediates. — Very slight rubbing on forward side; a number of blades badly 
nicked. 

SECOND REVERSE STAGE. 

Nozzles. — In good condition. 

Rotors. — Very slight rubbing on after side; a number of blades dented, some in first 
row badly. 

Intermediates. — First row slightly rubbed on both sides, greatest wear about one- 
sixteenth of an inch. 

Port Turbine, 
first stage ahead. 

Nozzles. — Seven nozzle blades more or less broken out at ends; two bent and ready 
to slip off; nozzles renewed. 

Rotors. — ^The first stage wheel suffered injiuy owing to a bolt having, in some way, 
fallen into the casing. A blade and piece of nm was broken from one segment in the 
first row, and another segment had oeen struck and the rim cracked and loosened. 
The rim on one segment m the fourth row was badly dented and blades bent. The 
three damaged se^ents were renewed. First three rows show excessive rubbing and 
there are many mcked and dented blades. 

Intermediates. — Bases and rims worn down badly by rubbing on after sides, from 
one-eighth to three-sixteenths of an inch, and blade edges also badly rubbed and frayed. 
Decided wear due to rubbing, amounting to one thirty-second of an inch as a maxi- 
mum, also on the forward sides. All intermediate segments were renewed. 

SECOND STAGE. 

Nozzles. — In good condition. 

Rotors. — Show slight rubbing on forward sides; many blades slightly nicked. 
Intermediates. — Condition about the same as first stage intermediates; all segments 
renewed. 

THIRD STAGE. 

Nozzles. — In good condition. 

Rotors. — Show rubbing on forward sides. 

Intermediates. — Decided wear due to rubbing on after sides, about three thirty- 
seconds of an inch, also blade edges frayed and mcked. Traces of wear also on forward 
sides. These intermediates were not renewed. 

FOURTH STAGE. . 

Nozzles. — In good condition. 

Rotors. — Show rubbing on forward side, otherwise in good condition. 

Intermediates. — Condition somewhat worse than that of third-stage intermediates, 
blade edges having suffered more; wear about one-eighth of an inch. These inter- 
mediates were not renewed. 

FIFTH STAGE. 

Nozzles. — In good condition. 

Rotors. — Very slight rubbing on forward side; condition good. 
Intermediates. — Slight rubbing on after side, scant one thirty -second of an inch. A 
few buckets very slightly dented. 

SIXTH STAGE. 

Nozzles. — In good condition. 

Rotors. — Very slight rubbing on forward side. 

Intermediates. — Slight rubbing on after side. 

SEVENTH STAGE. 

Nozzles. — In good condition. 

Rotors. — Very slight rubbing. 

Intermediates. — Very slight rubbing on after side; some blade edges dented. 
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FIRST REVERSE STAGE. 

Nozzles. — In good condition. 

Rotors. — ^^In good condition; first row shows slight rubbing against nozzle plate. 

Intermediates. — No rubbing; blade edges somewhat frayed and nicked. 

SECOND REVERSE STAGE. 

Nozzles. — Nozzle plate~ cracked in a number of places by rubbing of rotor. 

Rotors. — First row badly worn because of rubbing against nozzle plate; second and 
third rows show rubbing and blades dented in many places. The first row was renewed . 

Intermediates. — Slight wear on after side; blades nicked in many places. 

To prevent thrust bearings from swaying fore and aft under the stress, braces were 
run from the thrust-bearing pedestals, diagonally to the supporting brackets on the 
first stage ahead^ lower casing section. For the forward turlbine, these braces are in 
tension when going ahead, while for the after turbine, they are in compression. 

All movable valves (of the slide type) between stages, which were 
fitted over diaphragm nozzle openings, were removed at this over- 
hauling. These valves were originally installed with the view of 
controfling to a limited extent the pressure and consequently the 
flow of steam in passing through the turbines. They were spaced at 
intervals circumferentially, and arranged to be hand operate(^ 
through a stem extending to the outside casing. As designed, it 
was believed that by regulation of the steam flow through the 
various stages at low powers, by means of these valves, steam 
economy naight thus be effected. Practically, however, as demon- 
strated during the first series of tests (Nos. 3 and 5) there appeared 
to be no material diflFerence in steam economy, no matter wnether 
these valves were closed or open. 

Upon completion of repairs to the Salem's turbines, the vessel was 
ordered on a cruise to the Canary Islands, later returning to the 
Boston navy-yard for dry docking and reinstallation of water- 
measuring apparatus before commencement of the second series of 
steam-consumption trials. Data of both series are given in Tables 
43 to 65, and a summary of results in Tables F and G below. 
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Particular attention is invited to results of tests Nos. 2 and 5 of the 
second series, which were run at about the same speed of the vessel. 
Test No. 5 was made with all (20) nozzle valves open, regulation being 
by turbine throttles entirely, for the sole purpose of comparing steam 
consumption under these conditions with that in test No. 2, in which 
but 3 (after) and 3^ (forward) nozzles were open. In the latter test 
(which is the ordinary method of operation) turbine throttles were 
practically wide open, slight modifications in revolutions when neces- 
sary being made by manipulation of the throttle valves. It is to be 
noted further that there was wide difference in steam-chest pressures 
in the two tests, the average (per gage — ^both turbines) for No. 2 test 
being about 210 pounds aiW for No. 5 test about 30 pounds, while press- 
ures in main steam line were approximately 249 and 201 , respectively. 
As will be seen from an examination of the data, there was no appre- 
ciable difference in economy of the turbines in the two tests. 

Suitable connections are installed to the third and fourth stages of 
main turbines for utilization of auxiliary exhaust steam. In test No. 
4 (first series) and tests Nos. 3, 4, 7, and 9 (second series) the auxiliary 
exhaust line was open to feed heaters as well as to third stages of tur- 
bines. 

CHESTER. 

[Tables 66 to 94.] 

Results of economy tests on turbines of the Parsons type are influ- 
enced to a great extent by the amount of clearance allowed between 
dummy pistons and rings which controls steam leakage. On the 
Chester adjustments of dummy clearances are made by movement of 
the lower and upper halves of thrust blocks, and the operation is one 
requiring both skill and accuracy. Upper half of thrust blocks are 
intended to take the steam thrust only, while the lower half absorbs 
the propeller thrust. For the two cruising turbines, which are on 
inboard shafts (Nos. 2 and 3) and located forward of each main L.P. 
turbine, expansion couplings are installed, the arrangement being 
such that thrust bearings of these turbines are not subjected to pro- 
peller thrust. All main turbines are designed to be balanced, the end 
thrust on the rotor and the unbalanced thrust on the blading, both 
resulting from steam pressure, being equal to and in the opposite direc- 
tion to the propeller thrust. Perfect equilibrium, however, under all 
conditions of operation is practically impossible, and while for some 
speeds and turbine combinations propeller thrust predominates, 
others occur in which the steam pressure overbalances the propeller 
thrust. It will be apparent that in either case there is a tendency to 
a fore-and-aft movement (technically known as ^ 'float'') of shaft and 
its attached rotor, which is forward in ev6nt of propeller thrust pre- 
ponderating and aft under reverse conditions, or wnen steam thrust 
overbalances propeller thrust. The amount of ''float,'' although 
small in any case, Dears directly upon dummy clearances, operating to 
enlarge or reduce the same, depending upon whether the shaft move- 
ment is forward or aft. Moreover, these clearances, which are deter- 
mined by micrometer gages, fitted permanently to the casing of each 
turbine, vary with temperature changes. Reliable readings can only 
be secured, therefore, under normal working conditions. 
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No effort was made while steam-consumption trials were in progress 
to adjust dummy clearances closer than usual service practice, since 
it was the aim to obtain steam economy under ordinary cruising con- 
ditions and not ideal results. A summary of such clearances, as 
measured while the various steam-economy tests were being run, is 
as follows: 



SIX TURBINES. 



Speed. 


H. P. C. 


I. P. C. 


S. H. P. 


8. L. P. 


P. H. P. 


P. L. P. 


10 knots 


0.021 . 
.023 
.023 
.023 
.031 


0.026 
.025 
.028 
.029 
.033 ' 


0.021 
.016 
.015 
.019 
.018 


0.015 
.012 
.014 
.015 
.008 


0.022 
.022 
.027 
.027 
.027 


0,030 


12} knots 


.025 


15 knots 


.027 


16 knots 


.024 


18|motff . 


.020 







FIVE TURBINES. 



10 knotso 














l."* kpots o ... . . . . . . 














20 knots 




0.019 
.023 


0.007 
.016 


0.006 
.011 


0.023 
.026 


0.016 


22..'in VnAtS . . 




.016 









a No readings taken. 
FOUR TURBINES. 



10 knots 






.018 1 
.022 
.020 ! 
.017 
.026 1 
.024 , 


.041 
.012 
.016 
.018 
.019 
.018 


.017 
.024 
.034 
.033 
.036 
.031 


.051 


15 knots 






.026 


20 knots 


0.017 
O.013 


O.018 
O.020 


.027 


22.^knot9 


.025 


24 knots 


.024 


24.7.'i|rnotji_ 






.028 











o Cruising turbines revolving idly. 

Brief mention has been made in describing the Chester^s turbines 
of the means employed to prevent leakage (in or out) around shafts 
where the latter pass throiigh turbine-casing heads. Plate 7 shows 
sectional views or the H. r. and L. P. turbine gland boxes, from 
which, it will be observed, that the packing consists, essentially, of a 
number of rows of knife-edge strips, supplemented by brass packing 
rings. The function of gland boxes is to check leakage of steam into 
the engine rooms when the pressure is greater in the rotor casings 
than the atmosphere, or air leakage into the turbines in event of 
the pressure being below the atmosphere, which latter, unless pre- 
vented, would cause a noticeable vacuum drop. Conditions arise, 
with the various turbine combinations, such that certain gland boxes 
(8 of the 12 provided) are required to pack against a steam pressure 
out, while under other conditions of operation these same gland boxes 
must be practically tight against an air leakage in. In operating the 
6-turbine combination, to cite an example, gland boxes of cruising 
turbines are required to pack against a steam pressure in rotor 
casings, which usually is above the atmosphere. When, however, the 
4-turbine combination is in use, both cruising turbines revolve idly 
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in a vacuum (drains to these turbines being open to the main con- 
denser) and their gland boxes are required to be tight against a 
leakage of air into the turbine casings. Generally speaking, gland 
boxes of initial turbines are required to resist steam leakage out, but 
m all cases the function of the gland boxes of L. P. turbines is inva- 
riably to prevent air leakage into the casings. 

Glands of all turbines are connected by branches to a system of 
piping, with suitable cut-out valves extending the length of both 
engine rooms. When steaming, it is the aim to maintain in this sys- 
tem at all times a pressure of about 1 pound per ^age, and this may 
be effected through a branch connection to the auxiliary exhaust line, 
or in case steam leakage out from any gland box is considerable in 
amount use of such steam is made for this purpose. With the type 
of gland box installed on the Chester steam leakage depends largely 
upon the highest final pressure existing in any turbine casing, and at full 
power, with the 6-turbine combination in use, this pressure (about 102 
pounds absolute — see test No. 8) becomes a maximum, being approxi- 
mately the same as the initial pressure in the I. P. cruising turbine. 
Under such circumstances (and as well other powers of the 5 and 6 
turbine combinations) the gland leakage is more than sufficient to 
pack the entire gland system, and unless provision were made to dis- 
pose of such excess steam an intolerable condition would soon result 
m the forward engine room. A 3-inch branch pipe, with cut-out 
valve, connects the gland system with the mam condenser, and 
through this any surplus leakage is delivered. It will be noted that 
steam thus condensed is not fully utilized in the turbines, and from 
the standpoint of economy it would seem that a branch connection 
from the gland system to one or more stages of the low-pressure tur- 
bines would be a desirable addition. 

Synopsis of results of steam-consumption trials, arranged in accord- 
ance with turbine combinations (6, 5, and 4), are shown on Tables H, 
K, and L. 
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COMPARATIVE TRIALS OF SCOUT CRUISERS. 71 

PERFORMANCE CURVES. 

yrom data of steam consumption tests, a number of curves showing 
performances have been laid down, as described below: 

(a) Speed in knots — pounds of water per hour: 

Plates: Birmingham, 57; Saum, 58 (first series) and 59 (second series); 
Chester, 60. 
(5) Speed in knots — pounds of water per knot: 

Plates: Birmtnahamy 61; Salem, 62 (second series); Chester, 63. 

(c) Horsepower — pounds of water per horsepower: 

Plates: Birmingham 64; Salem, 65 (first series) and 66 (second series); Chester, 
67. 

(d) Pounds of water per shaft horsepower — shaft horsepower, 1 turbine: 

This shows comparison of steam consumption of Salem^s turbines before and 
after overhauling; each turbine plotted separately. Plate 68. 

(e) Pounds of water per hour per revolution — revolutions per minute: 

This shows comparison of steam consumption of Salem* s turbines before and 
after overhaulm^!:; each turbine plotted separately. Plate 69. 
(/) speed in knots — ^pounds of water (total) per hour: 

AH vessels. Plate 70. 
{g) Speed in knots — ^pounds of water (main engines or turbines) per hour: 

All vessels. Plate 71. 
{h) Speed in knots — pounds of water (total) per knot: 

All vessels. Plate 72. 
(i) Speed in knots — pounds of water (main engines or turbines) per knot: 

All vessels. Plate 73. 

V. COAL CONSUMPTION TESTS AT SPEEDS APPBOXTMATELY OF 

10, 16, AND 20 KNOTS. 

VI. COAL CONSUMPTION TEST AT PULL POWER. 

[Tables for Birmingham, 95-98; Salem, 99-102; Chester, 103-106.] 

Four comparative coal-consumption tests were carried out as out- 
lined above, the vessels being in company, and consequently sub- 
jected to the same weather conditions. As planned, these tests 
were to be of 100, 50, 100, and 24 hours' duration, respectively, but 
on account of rough weather the 10-knot trial was discontinued 
after steaming 96 hours, and for a similar reason the 20-knot trial 
ended after 98 hours. 

Bradford, R. I., was selected as an accessible and suitable base 
from which to operate, particularly as the same grade of coal (New 
River) was available at this coaling station for all trials. The use 
of the same grade of coal, it may be pointed out, is a desirable, if not 
a necessary, condition to accurate comparison. 

Before each coaling an estimate was made for each vessel of the 
amount necessary to be taken on board, so that the mean displace- 
ment for each trial, as nearlv as could be figured beforehand, would 
average 4,000 tons. This calculation included, in addition, an allow- 
ance for ''make-up'' feed water, which in all coal-consumption trials 
was carried in double-bottom compartments, the distilling plant 
being operated onlv to supply fresh water for purposes other tlian the 
boilers. The displacement, as finally determined, was figured from 
drafts taken at the beginning and end of each trial, corrected for 
weights removed while reaching the course, and in steaming to an 
anchorage after completion of the trial. 

On coal-consumption tests the aim was to effect a comparison of 
the sea performance of the three vessels as measured by the coal con- 
sumed. As outlined originally, shifting of an engineers' personnel 
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(firerooms only) from ship to ship was contemplated, with a view of 
thus fixing with precision the number in the complement, and, in ad- 
dition, eliminating as far as possible the personal factor in firing. 
This plan, however, was abandoned because ol practical difficulties 
in successfuU^r carrying out the scheme, and for the further reason that, 
under such circumstances, the various trials of all vessels would 
have had to be separately carried out, instead of steaming in com- 
pany, with resulting complications as to influence of weather condi- 
tions. All trials were run, therefore, with the engineers' force regu- 
larly assigned to the vessels, the complements of which, with refer- 
ence to numbers in each rating, differed somewhat; but it is impossible 
under the circumstances, to frame conclusions with accuracy cover- 
ing the comparative efficiencies of the three engineering personnels, 

No attempt was made to directly measure the steam used by either 
the main or auxiliary machinery, the water-measuring apparatus 
having been removed from all ships prior to commencement of these 
trials. Attention was concentrated primarily on securing an accurate 
determination of the quantity of coal consumed, although on all 
trials such detailed data were recorded as would enable a close cal- 
culation to be made of the steam used by any or all of the machinery 
in operation by comparison with previous steam-consumption tests. 

As accuracy of comparison on trials of this character depends 
almost exclusively on the accuracy with which the quantity of coal 
burned is ascertained, the method of securing such data received 
careful attention when the trials were planned. It is obvious that 
any practical method to obtain such information adaptable to con- 
ditions on shipboard is apt to involve an element of doubt, and, there- 
fore, the method selected should be the one least likely to error. The 
following were suggested and considered: First, to weigh all coal 
as taken from the bunkers; second, to use only coal put up in bags of 
known weight; third, to tally buckets or baskets of coal as taken from 
the bunkers, and at intervals to ascertain average weight; fourth, to 
mark the coal bunkers horizontally at intervals of 100 cubic feet with 
painted stripes, so that by leveling at the beginning and end of each 
trial the number of cubic feet of coal taken from each bunker could 
be calculated. Any of the four methods mentioned involve uncer- 
tainties as to correct weight, the most important reasons therefor 
being as follows: (1) The weighing of coal as taken from bunkers on 
account of the crowded condition of firerooms would hardly be a 
feasible scheme on the scout cruisers at high powers, no matter how 
many extra men might be assigned for the purpose; (2) it would have 
been expensive to bag coal in sufficient quantities for the proposed 
trials, and, furthermore, bagging material ordinarily used generally 
becomes injured in handling on shipboard, resulting in coal being 
spilled and for which it is difficult to make accurate allowance; (3) 
experience shows that calculations for coal expenditures by tallying 
buckets, even when great care is exercised, almost invariably fall siiort 
of the true weight, undoubtedly attributable to the tendency on part of 
the fireroom staff to ^^heap" buckets, in addition to the constant lia- 
bility of error (generally one way only) in tallying, which latter, it 
may be noted, is a necessary adjunct to the first two methods; (4) in 
stowing of coal bunkers, there is never absolute certainty that all 
pockets or spaces have been properly filled, especially around beams, 
stiff eners, platforms, etc., and!, moreover, the weight of coal which can 
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be stored in a given bunker is governed to some extent by the rela- 
tive proportions of slack and lump. 

The latter method was selected as being open to the fewest objec- 
tions and as offering the best practical means of comparing results 
of coal-consumption trials. In this connection it may be stated that 
on preliminary government-acceptance trials of these vessels (for 
24-liour trials at 12 and 22J knots, respectively) it was the 
intention to make use of this method of determining coal consumption 
and the bunkers consequently were striped originally at the building 
yards. On the trials referred to, however, the Chester was the only 
ship on which the method was used. 

At the Board's request the original bunker striping was subjected 
to critical examination, alterations and additions being made tnereto 
under jurisdiction of the Bureau of Construction and Repair by the 
naval constructor attached to the Boston Navy- Yard, while the ves- 
sels were being fitted with water-measuring apparatus. 

On the Chester the striping extended entirely around each bunker at 
intervals of 100 cubic feet, while on the Binmngham and Salem it was 
planned to carry only every fifth stripe around the bunkers, with in- 
termediate divisions representing 100 cubic feet marked on ships' 
frames, bulkheads, etc., at frequent intervals, both in an athwartship 
and fore-and-aft direction. Curves were suppUed the board by the 
Bureau of Construction and Repair showing capacities of the dirferent 
bunkers, in accordance with the striping, which curves were used in 
all calculations of coal burned on the various trials. 

The coal space on the Birmingham and Salem is divided into 21 
separate coal bunkers, of which 1 (athwartship) bunker is forward, 
12 abreast, and 8 abaft of the boiler compartments, each group being 
designated, respectively, by the letters A, B, and C, according to 
location. The coal-bunker arrangement of the Chester is similar to 
the other two ships, with the exception that there are but 6 instead of 
8 (C) bunkers abaft the boiler compartments, and therefore a total 
of 19. All bunkers are connected by doors below the berth-deck 
level and a coal trolley is installed (portable through bulkhead-door 
openings) which when rigged furnishes the means of transporting 
coal from one bunker to another. The total bunker space in cuTbic feet 
available for coal stowage on each of the three vessels is as follows: 



Blinkers. 


Birmingham. 


Salem. 


Chester. 


A oompartments 


4,906 
36,071 
20,072 


4,906 
35,019 
19,771 


4,859 


B oompartments 


35,647 


C compartments 


19,974 






Total 


60,049 


59,696 


60,480 







On all ships the space available for coal stowage in each of the 12 
B bunker compartments varies from about 2,450 cubic feet as a 
minimum to about 3,600 cubic feet as a maximum, similarly located 
bunkers being approximately of the same capacity. In all trials coal 
was used from B bunkers only, with the exception that on the 20-knot 
trial it was necessary on the Salem to make use also of the coal 
stowed in the A bunker and the two forward C bunkers. The number 
of bunkers from which coal was taken during the various trials is 
shown in the following table: 
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Trial. 


Birmingham. 


Salem. 


Chester. 


10-lmot.. .,..,,. 


2 

4 

12 

6 


4 

4 

15 
12 


4 


15-kiiot 


4 


20-knot 


12 


Pull power ' 


7 







On all trials, comparison is based upon number of cubic feet of 
coal consumed. In order, however, to convert such results into 
units of weight, the cubical space contained in cars used in trans- 
porting coal from storehouses to the wharf when coaling was calcu- 
lated and corresponding weights of coal ascertained. The cars used 
were small and approximately of 2 and 4 tons capacity. They had 
a plane side surface, the base being constructed with a triangular 
jog in the central part .and extending the full length to facilitate 
emptying. As coalmg proceeded, preliminary to each test, a num- 
ber of cars in use were measured; each was weighed when empty, 
and again when loaded and leveled. The average of all calculations 
showed a ton of coal to occupy a space of 43.5 cubic feet, and al- 
though this figure seems somewhat high, it has been adopted in 
computing coal consumed in tons on all trials. 

After coaling and prior to commencement of each trial, such 
bunkers (after leveling) as were to be used, were carefully inspected, 
and the distance noted from top of coal to the nearest stripe, from 
which data cubical contents were readily calculated. While the 
distance between adjacent stripes varied in the same bunker, and, 
of course, for different bunkers, the average was a ppr oximately 7 
inches for those bunkers abreast the firerooms. When leveled, 
readings by independent observers rarely differed for any bunker by 
as much as 15 cubic feet, and this figure may be regarded as repre- 
senting the maximum liability to personal error, assuming the stripes 
to have been properly located and the coal closely stowed. It 
should be pointed out here that the tendency of bunker coal is to 
settle when ships roll at sea, which tendency is pronounced at times 
and visibly noticeable, especially in bunkers mdifferently stowed, 
where there has been failure to fill in properly around obstructions 
(girders, beams, platforms, etc.) when coaling. Directions were 
given, however, that particular care be exercised in this respect in 
stowing bunker coal for these trials, so that if instructions were care- 
fully observed it will be evident that possible errors due to coal set- 
tling could not have been of moment in the results of any test, since 
all vessels were run under identical sea and weather conditions. 

In general, the manner of securing coal data on the various trials 
was as follows: In steaming from the anchorage off Bradford to the 
open sea, and prior to commencement of each trial, coal was taken 
from bunkers other than those reserved for the trial. At the instant 
of starting, fireroom plates were swept clean, or an estimate made of 
the coal thereon, and doors raised on those bunkers from which coal 
was to be used. Upon completion of the trial, these bunker doors 
were lowered, care having been taken to leave no coal, or as little 
as possible, on the floor plates at that time. The coal remaining 
in the trial bunkers was then leveled and inspected, and the volume 
figured from the stripes, coal for the boilers in operation as the ship 
proceeded to port being taken from other bunkers. On the 20-knot 
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trial a slight modification was required, since it was necessary dur- 
ing this trial to make use of coal stowed in all B bunkers, and in 
consequence those bunkers from which coal was taken imtil the trial 
commenced were releveled and inspected. 

During each trial a sample of coal was taken on the three vessels, 
and later subjected to analysis, as shown in Table M. 

Table M. — Coal consumption tests. 

COAL ANALYSIS. 





« 

1 
"5 

• 

o 

1 

2 
3 
4 
1 
2 
3 
4 
1 
2 
3 
4 


Proximate analysis. 




Coal as fired. 


Dry coal. 


Ship. 


• 

1 






• 

< 


a 

GQ 


• 
• 

14,311 
14,559 
14,478 
14,409 
14,598 
13,604 
14,417 
14,390 
14,481 
13,958 
14,548 
14,716 


^ 08 


h 

mm 


i 


1 

GQ 


• 
• 


RirmfnrhATlfi . . , 


1.39 
1.37 
1.27 
1.49 
1.37 
2.43 
1.49 
1.53 
1.27 
3.24 
1.42 
1.04 


20.91 
21.06 
20.79 
21.29 
21.43 
21.02 
20.24 
20.50 
20.65 
19.30 
20.10 
20.92 


70.80 
72.36 
72.22 
71.08 
72.17 
66.76 
72.45 
71.56 
72.81 
60.86 
73.51 
73.34 


6.90 
5.21 
5.72 
6.14 
5.03 
9.79 
5.82 
6.41 
5.27 
7.60 
4.97 
4.70 


0.86 
.90 
.75 
.69 

.77 
.66 
.73 
1.07 
.81 
.71 
.85 
.74 


21.20 
21.35 
21.06 
21.61 
21.73 
21.54 
20.55 
20.82 
20.92 
19.95 
20.39 
21.14 


71.80 
73.37 
73.15 
72.16 
73.17 
68.42 
73.55 
72.67 
73.74 
72.20 
74.57 
74.11 


7.00 
5.28 
5.79 
6.23 
5.10 
10.04 
5.90 
6.51 
5.34 
7.85 
5.04 
4.75 


0.87 
.91 
.76 
.70 
.78 
.67 
.74 

1.06 
.82 
.73 
.86 
.75 


14,513 
14,761 
14,664 
14,627 
14,801 
1^,943 
14,635 
14,614 
14,667 
14,425 
14,758 
14,871 


Salem 


Chester 


Mean B. T. U.'s 
for all coal 
used 














14,372 










14,607 

























During trials at 10, 15, and 20 knots each vessel regulated revo- 
lutions of main propelling machinery for the respective speeds men- 
tioned in accordance with standardization (pis. 85, 86, and 88) 
curves. Generally a column-like formation was preserved, although 
there was no attempt to maintain position with exactness. Revo- 
lutions were varied occasionallv, but only as was necessary to keep 
the vessels within a reasonable distance of one another. Sucn 
changes were always slight, and usually made at long-time intervals, 
so that no ship was handicapped — as often happen when steaming 
regularly in squadron — by constant throttle valve changes to 
regulate speed. A number of turns were made during the 10 and 15 
knot trials; on the 20-knot run but one turn was made. It should 
be mentioned that at each turn the leading vessel took up position 
astern in the column, and that at such times navigators of the three 
vessels established their relative positions by stadimeter observa- 
tions, which was also done at the commencement and end of each 
trial. Part of Table N has been compiled from results of such 
observations, and it is to be noted that distances covered by each 
vessel on the various trials, as figured from revolutions, when taken 
in conjunction with observed stadimeter data, indicates a consid- 
erable influence on speed, apparently attributable to some, or all, of 
the following: Trim of vessels; steering; weather conditions. 
Courses steered, as well as weather conditions, are recorded under 
"Remarks'' following data sheets of the Salem for all coal trials. 
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On full-power run revolutions were not set, all vessels being per- 
mitted to proceed on a course previously laid out at the highest 
speed possiole to maintain. A number of 180° turns were made, 
in which way all vessels were brought within reasonable distances of 
one another when too wideljr separated. For convenience in 
. analyzing results as to speed, this tnal has been divided into three 
periods in the table mentioned above. The first eight and three- 
fourths hours were selected as a period, because all ships were in 
agreement as to the distance the Chester had gained on the Salem by 
stadimeter observations. Proportionate values of the speeds ob- 
tained from the revolutions, based on the observations above, were 
used to establish the total observation distance gained by the Chester 
over the Salem during the whole twenty-four-hour run. 

Due to a mishap to the machinery, the Birmingliam was unable 
to continue this tnal beyond twelve hours. The I. P. crosshead of 
forward propelling engine developed a slight knock in wrist-pin brasses 
after the trial had been in progress about four hours, which increased 
gradually, resulting (about 7 p. m.) in carrying away oiling gear to 
this crosshead. About 9.15 p. m., liners between brasses (inboard 
after-side) were thrown out, and thereafter the pounding noticeably 
increased, causino; excessive vibration and detachment of oil cups on 
various parts of the engine. It was beUeved inadvisable and danger- 
ous to continue the trial longer than the time stated, and accordingly 
permission was granted to stop the engines at 10.45 p. m. Upon 
examination it was found that several set screws to crosshead bolts 
of I. P. brasses had worked out and were missing; white metal of 
bearings protruded about J inches beyond brasses, due to hammering 
action, and consequently wrist pins were very loose in bearings. A 
leak developed in receiver piping of the same engine — connection 
from H. P. to I. P. valve chests at the top — ^soon after trial began, 
but no serious inconvenience resulted therefrom, except abnormal 
loss of steam and consequent increase of '^ make-up feed water 
required as the trial progressed. The after (port) engine ran smoothly 
throughout the trial, and without accident, except carrying away of 
indicator motion on L P. cylinder. After finishing twelve hours the 
Birmingham proceeded to port (Tompkinsville, Staten Island) under 
the after-engines alone, averaging about 110 revolutions, and making 
a speed of about 11 knots with a helm angle of about 2J°. 

Continuous records of speed were taken on all vessels by Nicholson 
recording logs; copies of charts so obtained follow data sheets for 
each vessel. The jagged Une which often appears in these charts is 
not due to actual variation in speed, but probably to rolling and 
pitching of the vessels, as well as frequent changes of helm in an effort 
to maintain a straight course. Noticeably large and quick drops 
are due to changes of course; speed, as recorded on these charts, can 
only be regardea as an approximation. 

Synopsis of results of coal consumption trials are collated in Table 
O. As will be seen, an attempt has been made, from the weight of 
coal consumed, to figure boiler evaportaion, as shown on these trials, 
for comparison with results of (II) evaporative tests. The total steam 
used by all machinery, as recorded in column p of the table, has been 
carefully calculated, due allowance bein^ made for such auxiharies 
or apparatus as were intermittently used, and which required steam 
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for their operation. It has been assumed, moreover, in this calcula- 
tion (column p) that all "make-up'' feed water expended (which 
in amount was determined from calibrated double-bottom compart- 
ments) was converted into steam, which assumption is probably 
not entirely correct. It will be noted, from an inspection of columns 
q and r (data being brought to the same basis for purposes of com- 
parison), that a higher equivalent evaporation than that shown on 
toiler tests is recorded for the Birmingham on the 10-knot trial, 
and also for the Chester on the run at full power. No plausible 
explanation can be eiven for this, although it may be pointed out 
that all figures in column q^ are dependent upon conversion of coal, 
as measured, into weight, in accordance with data obtained when 
coaling for these trials. 

26962—10 6 
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A member of the Board was assigned to each vessel for general 
supervision of coal consumption triab. 

PERFORMANCE CURVES. 

From data of coal-consumption trials, curves have been laid down 
as described below: 

(a) Pounds of coal per hour — speed in knots : 

Plates: Birmingham, 74; Salem, 75; Chester, 76. 

(b) Pounds of coal per Knot — sx>eed in knots: 

Plates: Birmingham, 77; Salem, 78; Chester, 79. 

(c) Pounds of coal per H. P. — H. P. all machinery necessary to propulsicm: 

All vessels: Plate 80. 

(d) Pounds of water evaporated per pound of coal — ^pounds of coal burned per square 

foot of grate surface: 
All vessels: Plate 81. 

For purposes of comparison, curves showing standardization data 
have been drawn for each vessel, and upon the same sheet points 
have been plotted for power, speed, and revolutions, determined on 
steam and coal consumption tnals, as follows: 

(e) Horsepower — revolutions per minute. 
Speed in knots — revolutions per minute: 

Plates: Birmingham, 82; Salem, 83; Chester, 84. 

AOCtmACY OF DATA. 

In conducting comparative trials of vessels while underway, it is 
not practicable to secure all data' with the same degree of precision. 
On trials described in this report, the most reliable data are the revo- 
lutions per minute of the main propelling machinery, and for those 
auxiliaries equipped with counters; errors made for a period do not 
alter the mean for the whole test, so lon^ as counter readings are 
accurately recorded at the beginning and end; chance of error in 
securing these two readings, which would materially affect results, 
is not great. 

With regard to condensed water collected on steam-consumption 
trials, either in the main or auxiliary tanks, as the time interval was 
always recorded, there is little likelihood of mistake in the number 
of full tanks, and any error which might arise would, therefore, be 
confined to inaccurate readings of height of water in feed tanks at 
the beginning and end of a test, or of the measuring tanks at the end; 
probable errors due to this, when distributed over the whole trial, 
would be of no import. In proportioning steam used by individual 
auxiliaries on these trials, however, from condensed exhaust collected 
as a whole, performance curves (auxiliary machinery tests) have 
been taken as a guide, and results should only be regarded as close 
approximations. 

For purposes of comparison, it is necessary to convert revolutions 
into speed, and this can be done with accuracy from standardization 
curves; errors can only arise from differences due to condition of 
ship's bottom, wind and sea, or irregular steering. The greatest 
variation in speed, as determined from revolutions corrected by stadi- 
meter observations, occurred on coal-consumption test No. 1. As 
will be seen by reference to Table N, measurmg speeds by revolu- 
tions taken from standardization curves, the S(uem ran 950.4 knots 
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at a speed of 9.9 knots per hour, while the Chester during the same 
time made 962.88 knots at an average speed of 10.03, thus showing 
a gain for the latter vessel of 12.48 knots; results of stadimeter ol? 
servations, however, showed an actual loss of 9 knots. Assuming 
that the Ghester actually made 962.88 knots, the Salem must have 
made 971.88 knots, or a gain of 2.27 per cent. By a similar calcu- 
lation in test No. 3, the Salem shows a loss of 1.95 per cent instead of 
a gain. In this connection, it may be further pomted out, that on 
the twQ standardizations of the Salemj the greatest difference in 
revolutions for the same speed was about 3.5 or about 1 per cent, 
while in horsepower required, as shown by torsion meters, this dif- 
ference amounts to a much larger percentage. On steam-consump- 
tion tests, the maximum speed error is not believed to exceed 2 per 
cent, since all such trials were carried out during favorable weather 
only* 

Gage pressures, temperatures, and revolutions of auxiliaries not 
fitted with counters, when readings are taken at fixed periods, are 
liable to inaccuracies because conditions may not remain precisely the 
same during the period; such inaccuracies enter into the final mean 
'average of the test. Moreover, gages on fast-running machinery 
often fluctuate violently unless throttled to an extent iimich reduces 
pressure readings; spring gages are not satisfactory for reading small 
pressures, and especially when connected up with long crooked 
piping so as to locate them in a convenient place. Due to the latter, 
readings of stage pressures on ihe^Saiem^s (first series) steam and 
coal consumption trials are too unreliable for use in calculations. 
Rrevious to the second series of steam consumption tests, large gages 
were installed, connected directlv to the various stages, and, m addi- 
tion, high-grade thermometers ror determining pressures from tem- 
peratures wer6 fitted, the two showing close agreement. 

Power (indicated) as recorded for the Birmingham is considered 
fully as accurate as that usually secured on high-speed engines. 
Shaft horsepower, however, as determined by torsion-meter readings 
on the Salem and Chester is not altogether reliable for reasons here- 
tofore stated. Liability to error, it is believed, varies approximately 
as the power, and while at low speeds such errors, generally speaking, 
may amount to as much as 20 per cent, at high powers, 2 per cent is 
prooably the maximum. For the Salem, at low speeds, the error in 
power on some trials is no doubt greater than that stated, due in 
part to the fact that any error in reading torsion meters is exaggerated 
m percentage of the whole because of short length of scale from which 
such readings are necessarily taken. 

CONCLUSIONS. 

The following conclusions are based on results of tests described 
in this report: 

MAIN PBOPELLING MACHINERY. 

Tables P and O have been compiled from curves plotted on plates 
70 and 71, and snow at a glance for the three vessels, respectively, 
the weight of steam required per hour for all purposes (P) as well as 
the amount used by the main engines or turbmes only (Q) for speeds 
from 10 to 25 knots, at knot intervals, together with a percentage 
comparison based on the Chester's 4-turDine combination. 



COMPARATIVE TBIALS OF SCOUT CBUISEBS. 



85 



An examination of plate 70 (Table P) shows that, based on total 
steam used for all purposes (excluding lift pumps), the Birmingham 
is the most economical of the scout vessels up to (a) 20.6 knots (50 
per cent of designed power of .main engines). Above that speed the 
C%6^r; using the 5-turbine combination, becomes the most economical, 
and at (b) 21.6 loiots the 4-turbine combination is more economical 
than the Birmingham's reciprocating engine installation. Up to (c) 
22.25 knots, the Birmingham is more economical than the Saiem 
(second series of tests), but above this speed the Birmingham becomes 
the least economical of the three vessels. Due probably to excessive 
gland leakage, the Chester^ 8 6-turbine combination is less economical 
than the 5-turbine combination above (d) 17.4 knots; the 5-turbine 
combination, up to the limit of its speed, is invariably more econom- 
ical than the 4-turbine combination. The Chester's 4-turbine com- 
bination is less economical than the Salem's installation up to (e) 
19.45 knots, but more economical above that speed. 

Based (pi. 71 and Table Q) on steam used at various speeds per 
hour by tne main propelling machineir only (exclusive or all aux- 
iliaries) the figures above stated change but shghtly. Using reference 
letters as in tne previous paragraph, the figures become (fiO 20.6, (b) 
21.5, (c) 22.45, (d) 18.0, (e) 18.9. 

Table P. — Total steam consumption for all purposes {exclusive of lift pumps) at speeds 

from 10 to 25 knots, at mot intervals, 

COMPILED FROM PLATE No. 70. 



Speed. 



10 knots... 
U knots... 
13 knots... 
13 knots... 
14' knots... 

15 knots... 

16 knots... 

17 knots... 

18 knots... 

19 knots.... 
ao knots... 

21 knots... 

22 knots... 

23 knots... 

24 knots... 
24.5 knots. 

25 knots... 



Blr- 
wihighani. 



Steam used per hour (pounds). 



34,000 

39,000 

44,700 

51,000 

58,000 

66,000 

75,300 

86,200 

96,600 

114,400 

134,000 

160,000 

102,000 

232,800 

285,500 



Salem 

(second 

series). 



44,000 

51,000 

58,200 

66,200 

74,700 

84,000 

94,200 

105,400 

118,200 

132,500 

150,000 

170,500 

105,000 

227,400 

273,000 

300,000 

329,000 



Chester. 



Turbines in use. 



Six. 



43,200 
48,600 
54,700 
61,000 
68,200 
76,500 
86,500 
98,500 



Five. 



45,500 

51,700 

58,100 

65,000 

72,300 

80,500 

89,500 

100,300 

111,400 

124,500 

138,500 

155,000 

173,500 



Four. 



46,600 

53,600 

61,200 

69,200 

77,700 

87,000 

97,000 

108,200 

120,000 

133,500 

148,600 

166,600 

187,000 

214,700 

254,800 

284,000 



Steam consumption In per- 
centage, rclerrod to Chester's 
4-turbine combination as 100. 



Bir- 
ming- 
ham. 



73 
73 
73 
74 
75 
76 
T8 

80 
82 

86 

90 

96 

103 

106 

112 



Salem 
(sec- 
ond 



ries). 



94 

95 

95 

96 

96 

97 

97 

97 

98.5 

99 
101 
102 
104 
106 
107 
106 



Chester. 



Turbines in use. 



Six. 



93 
91 
89 
88 
88 
88 
90 
91 



Five, 



98 

9a 
95 
94 
93 
93 
92 
93 
93 
93 
93 
93 
93 



Four. 



100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
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TA.BLB Q. — Steam conmmpHon of main engines or turbines o:ily at speeds from 10 to ft5 

laiotSj at hnot intervals. 



Speed. 



10 knots.. 

11 knots... 

12 knots.. 

13 knots... 

14 knots... 

15 knots... 

16 knots... 

17 knots... 

18 knots... 
10 knots.... 

20 knots... 

21 knots... 

22 knots... 

23 knots... 

24 knots... 
24.6 knots. 

25 knots... 



COMPILED FROM PLATE No. 71. 



Steam used per hour (pounds). 



Bir- 
mingham. 



21,600 

26,200 

31,300 

36,900 

43,000 

50,400 

58,900 

68,800 

80,000 

04,500 

113,000 

136,500 

166,000 

203,200 

247,000 



Salem 
(second 
series). 



29,900 

36,100 

42,800 

50,000 

57,800 

66,700 

76,500 

87,300 

90,000 

112,000 

127,300 

145,200 

160,000 

109,000 

238,000 

261,800 

286,400 



Chester. 



Turbines in use. 



Six. 



24,250 
30,200 
36,200 
42,500 
49,000 
56,200 
63,900 
73,900 
92,400 



Five. 



31,400 

36,900 

42,500 

48,800 

55,400 

62,800 

71,400 

81,100 

92,000 

104,200 

118,000 

133,000 

160,000 



Four. 



Steam consumption in per- 
centage, referred to Chester's 
4-turbine combination as 100. 



Blr- 
ming- 
ham. 



32,300 

38,900 

45,700 

53,000 

61,000 

60,800 

78,900 

88,900 

100,000 

112,000 

125,900 

141,800 

160,700 

184,500 

218,000 

244,000 



67 
67 
68 
70 
71 
72 
75 
77 
80 
84 
90 
96 
103 
110 
113 



SaliSm 



(sec- 
ond 
se* 

rles). 



93 

08 

94 

94 

95 

96 

97 

98 

99 

100 

101 

102 

105 

108 

109 

107 



Chester. 



Turbines in use. 



Six. 



75 

78 
79 
80 
80 
81 
81 
83 
92 



Five. 



07 

95 

93 

92 

01 

00 

90 

91 

92 

93 

94 

04* 

03 



Four. 



100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 



AUXILL^RY MACHINERY. 

Conclusions as to relative steam consumptions of auxiliaries, for 
accuracy of comparison, should be based upon close regulation of 
such machinery in accordance with actual requirements. The quan- 
tity of condenser cooling water required, to cite an example, is lai^ly 
dependent upon sea temperature, and in consequence this becomes 
a controlling factor in speed of circulating pumps. Moreover, for 
each speed of vessel, under conditions existing at the time, there is a 
point of regulation which gives minimum steam expenditure for each 
auxiliary. On main (IV) steam-consumption tests close regulation 
of auxiliaries was not attempted, but on coal consumption tests every 
effort was made to reduce steam thus expended to a minimum. 
Comparisons therefore are based upon results of these trials as shown 
in detail in Table R. 

The various auxiliary machinery installed on the three vessels may 
be classed arbitrarily under the following three heads: (1') Like auxil- 
iaries whose steam consumption depends largely upon eflScient condi- 
tion of working parts and speed of operation, and which class includes 
a large percentage of the auxiliaries of the three ships. Steam expend- 
iture for these auxiliaries should not be widely different under like 
conditions of use. (2) Main condenser auxiliaries: Disregarding 
steam used by main circulating pumps, it will be seen in Table R that 
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the Birmingham's condenser equipment required the least steam 
expenditure during all trials, except at full power, when the Salem 
used 6 per cent less. The greatest expenditure was on the Chester, 
indicating that the Salem's wet-and-dry vacuum pumps are less 
expensive in steam used than the Chester's augmenters and air pumps. 
It should be pointed out, furthermore, that with exception of cir- 
culating pumps, which are similar, the main condenser auxiliaries 
differ radically in type, which makes comparison of their steam expend- 
itures desirable and important. (3) Forced-draft blower installa- 
tions: Based on steam consumption per hour per I. H. P., the 
Chester's equipment shows a variable gain in economy, as compared 
with the other two vessels, of 6 per cent at low powers (5 I. H. P.), 
extending to 16 per cent at high (35 I. H. P.) powers. 
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Table S.- 


—Coal-contwQiptUsa tutsi 


- 


: • . : • 


• ■ 

• •• 






1 

« 

10 
15 
20 

(6) 


3 
1 

96 

50 

98 

e24 


Birmingham. 


Salem. 


Chester. 




Average pressure in ftraroom in inches of water 


* 


• 


Num- 
ber of 
boUers 
in use. 


No. of flreroom. 


Num- 
ber of 
boUers 
in use. 


No. of flreroom. 


Num- 
ber of 
boilers 
in use. 


No. of flreroom. 


O 

• 


1 


2 


3 


1 


2 


3 


1 


2 


3 


1 


3 

8 

12 

12 






0.694 

.788 

1.174 

5.807 


4 

8 

12 

12 


....... 

1.67 
5.08 


6.325 
.407 
1.58 
4.84 


0.418 
1.554 
5.11 


4 

7 
12 
12 








2 


1.227 
5.077 


0.546 
1.214 
4.942 








3 






aO.9 


4 


3.03 


3.03 


3.08 



TOTAL EVAPORATION PER HOUR— BLOWER STEAM— NET AVAILABLE STEAM. 



Net 

available 

steam. 



1 


10 


2 


15 


3 


20 


4 


(fr) 



96 

50 

98 

e24 



Total 
evapora- 
tion. 


Blower 
steam. 


Net 

available 

steam. 


Total 
evapora- 
tion. 


'Blower 
steam. 


Net 

available 

steam. 


Total 
evapora- 
tion. 


Blower 
steam. 


jLd 


B« 


(A-B)/ 


Cd 


D« 


(C-D)/ 


Ed 


F« 


32,871 

67,438 

129,176 

271,545 


990 

1,961 

6,200 

18,493 


81,881 

65,477 

123,976 

253,052 


44,674 

84,280 

163,111 

203,103 


873 

2,219 

7,386 

24,820 


43,801 

82,061 

165,726 

268,283 


36,097 

74,506 

134,270 

314,161 






526 
6,610 



(E-F)/ 

36,097 

74,506 

133,745 

307,651 



PER CENT OF TOTAL EVAPORATION PER HOUR— BLOWER STEAM— NET AVAILABLE 

STEAM. 



1 


10 


96 


100 


3 


97 


100 

1 


2 


P 


100 





100 


2 


16 


50 


100 


3 


97 


100 


3 


97 


100 





100 


3 


20 


98 


100 


4 


96 


100 : 


4 


96 


100 


0.4 


99.6 


4 


(») 


e24 


100 


7 


93 


100 


8 


92 


1 100 


2 


98 



a Forced draft used intermittently 50 hours. 

h Maximum speed: Birmingham, 24 knots; Salem. 24.32 knots; Chester 26.06 knots. 

e Birmingham disoontinuea this trial after twelve nours. 

tf Total water evaporated per hour, in pounds. 

t Steam used per nour by forced <uaft blowers, in pounds. 

/ Net available steam per hour, in pounds. 

PBOPULSIVE EFFICIENCY. 

Due to dissimilar propeller efficiencies, it is obvious that comparison 
based on steam consumption of the machinery (either main or inclu- 
sive of all auxiliaries) per horsepower would not indicate the relative 
economies of the three vessels with the same degree of accuracy as 
the steam used per knot. As illustrating this, results of coal-con- 
sumption trials may be cited: For example, on trial No. 3 (about 20 
knots) the average horsepower (shaft) of the main engines or tur- 
bines necessary to propel each of the three vessels, as recorded in Table 
0, is, Birmingham, 7,120.5; Salem, 6,883.3; Cheater (5-turbine com- 
bination), 8,374. 
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BOIZ^EE INSTALLATIONS. 

In order to effect a true comparison covering steam-generating 
appliances on the scout vessels, it is essential to take into considera- 
tion not only boiler efficiencies, but, as well, expenditures of steam 
(forced-draft blowers) necessary in conjunction with service operation 
of the plants. Differences in boiler design have been pointed out, 
and it is to be noted that due to tortuous passage of gases of combus- 
tion across heating (tube) surfaces of the boilers of the Birmingham 
and Salem higher fireroom air pressures must be maintained com- 
pared with the Chester^ 8 boiler installation to burn the same weight of 
coal. 

Tables C and D show boiler efficiencies under varying rates of com- 
bustion, and from an inspection of these tables it wUl be observed 
that under similar conditions as to air pressure there is a wide differ- 
ence in the amount of coal consumed. It may be further pointed out, 
in this connection, that on 10 and 15 knot coal-endurance runs the 
Chester steamed under natural draft, while on the other two vessels 
with the number of boilets in operation forced draft was a necessity. 
It will be apparent, therefore, that comparison of steam-generating 
apparatus snould be based upon percentage of available net output 
or steam, in addition to boiler efficiency, as recorded in Table S, com- 
piled from results of coal consumption tests. 

Tables (1-106) of data, machinery cuts (pis. 1-15), and perform- 
ance curves (pis. 16-88), are attached to this report as an appendix. 

Respectfully submitted. 

F. H. Bailey, 
Captain, U, S. Navy, Senior Member of Board. 

GusTAV Kaemmerling, 
Commander, V, S, Navy, Member, 
W. W. White, 
• Commander, U, S. Navy (Retired), Member, 

The Chief of Bureau of Steam Engineering, 

Navy Department, Washington, D. C, 
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